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The SAGITTAIRE is being used in some of the world’s leading medical centres for sophis- 
ticated radiotherapy and high energy clinical research. 


THE THERAC 40/SAGITTAIRE provides the discriminating radiotherapist with: 


® ELECTRON OPERATION — Pushbutton energy se- meter from the source in both elęctron and photon 
lection from 7 to 32 MeV in three MeV steps with a modes. 
ares OPTION: i ® FIELD SIZE continuously variable from 2 çm x 2 gm* i 
® X-RAY OPERATION — Primary photon energy 25 MeV to 38 cm x 38 cm at the isocentre. 
with a 10 MeV option. i 
® An exclusive simulation procedure which checks out 
@® UNIQUE QUADRUPOLE SCANNING SYSTEM elim- the operation of each element in the measurement 
inating electron contamination in the photon mode circuit and machine interlocks before each treat- 
r and substantially reducing X-ray contamination in ment. 
é the electron mode. Further information may be obtained by contacting 
® DOSE RATE variable from 50 to 400 rads/min at 1 our area representative. 


“The SAGITTAIRE, is the result of 18 years of experience in the field of particle accelerators by THOMSON CSF and QGR MeV. 
D 


; Atomic Energy of Canada Limited e Commercial Products 


P.0. Box 6300, Station J, Ottawa, Canad, K2A 3W3 = Tel. 613/592-2790 -+ Cable Nemota - Telex 013-462 
J41M .°37 
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Clean bowel means clear picture. X-PREP Liquid 7 
is designed specifically for preradiographic bowel cleansing — 
without enemas, suppositories, or overhydration. 


Good-to-excellent visualization is usually obtained 
_ with a single, simple dose.” No residual oil droplets 
as is often the case with castor oil) obscure the picture. 


Pleasant taste of X-PREP Liquid meets with high patient 
acceptance.* Simplicity and ease of administration 


are appreciated by the patient at home, by 


the nursing staff at the hospital. 
*References available on request. 


ne step-One dose One bottle 


-PREP Liqui 


standardized extract of senna fr 


rep the bowel for radiography 


Gray Pharmaceutical Co., Affiliate 
The Purdue Frederick Company 


B6374 124473 

















RIGHT 1971, GRAY PHARMACEUTICAL CO./NORWALK, CONN. 06656 





When youinvest ina 


Philips SL 75-20, 





The Philips Integrated Therapy 
Programme ensures increased efficiency 
in the modern radiotherapy department by 
having a common design philosophy, similarity of 
operational procedures and simplified service. 

The programme embodies maximum 
reliability and patient safety. It incorporates a 
long-term plan providing the clinic and hospital 
with the essential equipment for today and the 


future. | | 
No other equipment demonstrates this 


philosophy better than the SL75/20 Linear 
Accelerator. 


Keeping up with the demands of 
the modern clinic. 


The SL75/20 represents a major step in 
the development of linear accelerators. 

For the busy modern clinic, it offers all the 
advantages of a high energy electron generator, 
akilo-voltage X-ray unit and a megavoltage X-ray 
unit in one compactly designed system. 

It sets new standards of precision for 
superticial and intermediate electron therapy 
from 5 to 20 MeV and the same standards for 

` deep therapy with X-rays in the 8 to 20 MeV 
range. 


that’s not al youre buying. 





Like all the Philips Linear Accelerators, 
the SL75/20 offers maximum safety, efficiency 
and reliability to the modern clinic. 

Apart from its inherent safety features, 
two entirely independent dosimetry channels, 
together with a timer, ensure that the maximum 
dose cannot be exceeded. 

Integrated select-and-confirm routines 
eliminate the possibility of operational errors, and 
fail-safe interlock devices provide further patient 
Safety. 

Rapid patient positioning, together with 
high dose rates, allow a large number of patients 
to be treated per day. 

Easy maintenance and low running 
costs make the SL75/20 an economic proposition 
for today's clinical demands. 


But that’s notall youre buying. 


The Philips SL75/20 MeV Linear 
Accelerator is just part of the entire programme 
of specialised equipment which also includes 
the cobalt units, localiser/simulator, treatment 
planning system, ortho-voltage therapy units and 
betatrons. 

Philips are constantly developing new 
equipment and methods to aid the therapist. 


If you would like to know more about the Philips Integrated Therapy Programme, 
please write to: N.V. Philips, Medical Systems , Eindhoven, The Netherlands, 
"or The MEL Equipment Company Ltd., PAD. Manor Royal, Crawley, Sussex, England. 
a or Philips Medical Systems Inc., PO. Box 349, 710 Bridgeport Avenue, Shelton, Conn. 06484 USA. 
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In One Minute a Load-? \-M 
inloads and reloads this many c 









while delivering four radiographs 
to the processor. 


In 15 seconds, the RADX Load-A-Mat can unload and 
reloacban X-ray cassette automatically. And in broad 
daylight! It attaches directly to your film processor, 
so that radiographs are ready for viewing in only two 
minutes. Think what this means... no darkroom tie 
ups. No passboxes. Greater effi ciency. Fewer errors, 

e More patient processing, 

The remarkable Load-A-Mat accepts four sizes of fresh 
film in separate light-tight portable magazines. Each 
stores 200 sheets of standard film furnished by the 

manufacturer of your choice. Once bulk-loaded into 
the magazines, the film remains untouched until it 


comes out of the processor. You’re no longer trot 
with artifacts, fogging, static or double exposures 
ruined screens either. And the Load-A-Mat lets y 
processor operate steadily for hours at full capaci 

Two Load-A-Mat models handle four sizes of e 
KODAK X-OMATIC Cassettes or the new LOA: 
MATIC Cassettes available with your choice of n 
high speed or super high speed screens. Realize t 
kind of savings in time and money a Load-A-Mat 
bring to your radiology operations. 

Call or write RADX, P.O. Box 19164, Houston, 


77024, 713/468-9628. 


RAD Ei 


to replace 
existing equioment 


DD IRIS 100 


Specifically designed for retrofit- 
ting to almost every existing type of 
radiographic-fluoroscopic unit, the 
new Machlett IRIS 100 gives you 
unexcelled accuracy, speed and 
flexibility in fluoroscopy and spot- 
filming. 


The IRIS 100 includes these high 
quality components: 


gives bright, sharp, high- 
contrast images. Available in 6- 
and 9-inch single or dual-field 
models. 


Reli- 
able all solid-state TV chain with 
optional Automatic Brightness 
Control. 


which provides exposures on 
100 x 100 mm film at rates up to 
2 per second. 


with short opti- 
cal paths gives distortion free 
films and TV. Phototiming as- 
sures uniform film density. 


NewMachlet Imaging System 


for Advanceq 


Fluoroscopic/Spotfilm 


Capability 


All this in a system which pro- 
vides: 


from fluoroscopy to ra- 
diography and back to fluoro - 
scopy, because Machlett moves 
the mirror out of the light path 
—not into it—for radiography. 
No time delay while waiting 
for the mirror to stop moving 
before filming. 





For more information on the new 
Machlett IRIS 100 imaging system, 
contact your X-ray dealer or 
Machlett Laboratories, Inc., a sub- 
sidiary of Raytheon Company, 
1063 Hope Street, Stamford, 
Connecticut 06907. Telephone 
(203) 348-7511. 






The Machlett system—mirror is 
moved out of optical path for radiog- 
raphy. 





Others—mirror is rotated into optical 
path for radiograpħy, which cannot 
begin until mirror “settles down”. 


*IRIS 100 and Dynascope are trademarks 


of Raytheon Company. Anodica® is a 
registered tradename of N. V.Optische Indus- 
trie, Delft, Holland 
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introducing Fleet Bariùn 






Fleet? Barium Enema 
Prep Kit No. 1 contains: 


12 oz of Fleet ep 
Phosphoe-Soda, 
buffered saline laxative 
to stimulate the small 
intestine; 

four Fleet® Bisacodyl 
Tablets, contact laxative 
for colon stimulation; 
one Fleet® Bisacodyl 
Suppository, contact 
laxative for final 
evacuation prior to 
examination. 
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Fleet® Barium Enema 
Prep Kit No. 2 contains; 


112 oz of Fleet® > 
Phosphoe-Soda; 

four Fleet® Bisacodyl 
Tablets; 

one Fleet® Bagenema, 

a large-volume dispos- 
able enema for final 
evacuation prior to 
examination. 








=nema Prep Kits 
slearer x-rays,and fewer retakes ~ 








The all-new Fleet Barium C With a flexible 
EnemaPrep Kits are com- time-table 
plete prepping systems The Fleet Barium Enema 
that assure thorough and Prep Kits also offer three 
reliable colon cleansing convenient time schedules 
prior toa barium enema —12, 18, or 24 hours. So 
exam. now, you can tailor the 
prepping to fit seco into 
Cc n r 
C] With effective and E, pan 
balanced methods of P 
prepping “In my experience across 
Utilizing a combination of the country, talking to 
diet, hydration, and evacu- technicians and doctors, 
ation, the Fleet Barium ... the greatest defect in 
Enema Prep Kits meet all colon examinations, ...is 
the criteria for preparing in the preparation of the 
the colon for examination colon.’’2 


as recommended by the 
American College of Radi- 
ology Ad Hoc Committee 


For better colon preparation 
and fewer repeat examina- 
tions, use Fleet Barium 





Day Before Exam Day Before Exam Day Before Exam i 
— EE one on Detection of Cancer of i j 
Be n: E the Colon. Enema Prep Kits routinely 
eones Sis S FS : —as your prepping agent of 
eS Ea O Available in two choice in the Radiology 
ial isaac convenient forms Department and on an 
o cepa. —-~ Sebo There are two Fleet Barium outpatient basis. 
en meme Enema Prep Kits, so that 
ee ETT re ae now you have the option of References: g 
choosing the final step that 1. nary Hn ksi pA ane Ha inl : 
you prefer—enema wad RGE, Amar College et E 
suppository. Radiology, (Chicago, IIl., 1973), 
L With easy-to-follow 2. ITE 
instructions 
a Each Fleet Barium Enema 
Prep Kit supplies clearly 
written, concise instruction 
sheets for easy, dependable e „6 
administration by the nurses 
in the ward or by your patient Fleet 
at home. Check-off boxes ness Ea oare, Wa ee 
° ensure completion of each Ss 


step. 
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SNITEC® (Technetium 99m) Generator 


e Technetium 99m Generator usin 
>hnetium 99m. MINITEC is unlike 
wall to make sense. 





g fission product molybdenum to produce 
any generator you've ever used—made 


esigned for easy handling 


» MINITEC has its own handle for eas 


y lifting, easy Carrying and reduced 
hand exposure 


» Weighs only 24% Ibs., less than 5" in diameter, under 8%" high 
Signed for easy elution 

Sets up in seconds 
"Elutes in only 3 minutes after eluent vial has emptied 

Signed for safety ° 

No exposed tubing when eluting 

1%" lead surrounds the MINITEC column 


1%" of extra lead protection from MAXI-SHIELD™ 
half rings easily assembled on site.. 
(You get MAXI-SHIELD free with you 


. Base, cap and interlocking 
. only the cap is removed for elution. 
r first MINITEC Generator purchase.) 


signed for convenience 
(J 


MINITEC Generator is available in 50,100. 200, 300, 400 and 500 mCi 

potercies. Delivery on Monday AM (precalibrated through Thursday) and 
Wednesday (precalibrated through Monday) provides maximum versatility 

to satisfy technetium requirements of your lab’s work load. 5 
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For illustration 
purposes only. 

See brief summary for 
indications for 
technetium 99m. 


Minitec’ : 
(Technetium 99m) ‘ 


Generator 


Minitec® (Technetium 99m) Generator provides 
means of obtaining a sterile, non-pyrogenic supp 
of technetium 99m (”"Tc) as sodium pertechneté 
“NG: 

Indications: Sodium pertechnetate™®"Tc is indicat 
for brain imaging, thyroid imaging, salivary gla 
imaging, blood pool imaging, and placenta loc 
ization. 


Contraindications: At present, there are no kno* 
contraindications to the use of sodium pertechr 
tate "Tc. 


Warnings: Radiopharmaceuticals should be us 
only by physicians who are qualified by speci 
training in the safe use and safe handling of rad 
nuclides, produced by nuclear reactor or cyclotr¢ 
and whose experience and training have been ¢ 
proved by the appropriate federal or state ager 
authorized to license the use of radionuclid: 

This radiopharmaceutica!l should not be adm 
istered to women who are pregnant or who rr 
become pregnant or during lactation unless the 
formation to be obtained outweighs the possil 
potential risks fromthe radiation exposure involve 
ideally, examinations using radiopharmaceuticé 
especially those elective in nature, of a woman 
childbearing capability should be performed dur 
the first few (approximately 10) days following * 
onset of menses. 

Since radioactive pertechnetate is secreted 
milk during lactation, formula-feedings should 
substituted for breast-feedings.e 


Important: Since material obtained from the g 
erator may be intended for intravenous admi* 
tration, aseptic technique must be strictly observ 
in all handling. Only the eluent provided should’ 
used to elute the generator. Do not administer r 
terial eluted from the generator if there is 4 
evidence of foreign matter. 


Precautions: As in the use of any other radioac* 
material, care should be taken to insure minim 
radiation exposure to the patient consistent v 
proper patient management and to insure minim 
radiation exposure to occupational workers. 

At the time of administration, the solution shc 
be crystal clear. 


Adverse Reactions: At present, adverse reactii 
have not been reported following the use of sod 
pertechnetate “Tc. 

For complete pres¢ribing information, con 
package insert. 


How Supplied: Minitec (Technetium®99m) G 
erator is available in potencies of 50, 100, « 
300, 400, and 500 mCi. Supplied with the gener 
are vials of eluent containing 5 ml. of a ste 
non-pyrogenic solution of 0.9% sodium chlorid 
water for injection. Also supplied is suitable eq 
ment for eluting, collecting, and assaying 

technetium 99m. 


Medotopes® 


® 
wa SQUIBB HOSPITAL o 
E. R Squibb & Sans, Inc. 
Princeton, N.J. 08540 . 









Tell The llfore 
see his little black 





Man Yuu Want tu 


DOOK. 


You'll find the information inside very, very helpful. 
And any pages youre particularly interested in, you 
can keep. 

The Ilford Man’s little black book contains full 
information on Ilford’s Rapid R Type S, RapidR ` 
and Red Seal X-ray Films. And our intensifying 
screens, X-ray chemicals and photographic products. 

It’s all given to you ina straightforward, easy- 
to-read fashion complete with curves and diagrams. 
It tells you exactly what each product is, how it’s 
used and how it’s available. Because each product is 
described in its own little booklet, you can keep the 
individual booklets that interest you. 

The next time you see The Ilford Man coming 
down the hall, pull him aside and whisper ig his ear, 
“T want to see your little black book” 

Rest assured, the only people who'll be em- 
barassed by it will be our competition. 

Ilford Inc., A Ciba-Geigy Co., West 70 Century 
Road, Paramus, New Jersey 07652. 
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Searle Micro 


The Searle Micro Dot Imager offers Pho/Gamma users a 
versatile display system for Single-organ or whole body 
Imaging using economical X-ray film. Three film sizes 
and 15 image formats let you choose the exact format 
best suited for any Study. State-of-the-art optics and elec- 
. tronics put as many as 80 images on one film with single- 
image fidelity. You can even mix static, dynamic and 
different size images on the same Sheet of film. An exclu- 
Sive, lightweight cassette design speeds and simplifies 
loading and unloading of film. 

The Micro Dot provides distinct, well-focused scintidots 
in all image sizes; it gives you superior imaging clarity, 
constant focus and freedom from astigmatism regardless 


SEARLE 





Dot Imager 





of dot intensity and location. Absolute exposure control — 
with pushbutton settings for routine studies—assures 
correct, repeatable exposures from day to day and month 
to month in all image sizes. 

Designed for clinical utility and operational simplicity, 
the Micro Dot Imager is the most complete display sys- 
tem available for the Pho/Gamma Scintillation Camera. 
For more information — including complete specifica- 
tions—just write or phone your Searle representative. 
He'll be glad to show you how it can add unmatched 
versatility, convenience and economy to your laboratory's 
gamma imaging capabilities. 


Searle Radiographics Inc. 
Subsidiary of G. D. Searle & Co. 


2000 Nuclear Drive. Des Plaines, Illinois 60018 
Phone 312-298-6600 






Is this a coin lesion? 
Or something else. 





tment of Diagnostic Radiology 


i epar 
University of Kentucky Medical Center, Dep 


(See T page xxxii) 


=rsonal involvement gives added valu 





from DuPont: 





"We're saving years 
of staff time at a large ` 
University Hospital with . 
a 5-point radiographic ` 
quality control program’ 


if 


| Jay Lynch, 
= Du Pont Territ 
Manager. 


Terry Reagan, 
Du Pont Medi 
X-ray Special} 





_ “Without Du Pont’s involvement, it woul 
have taken years of our own staff work to solve 
X-ray quality problems caused by variables in 
processing and imaging techniques.” That’s a 
statement from Clive W. Morris, M.D., Associat 
Professor of Clinical Radiology at the University 

But with Du Pont’s involvement, Dr. Jan 
W. Lecky, Professor of Radiology, and his staff 
have a 5-point program designed to help them 
identify variables and set priorities for correctio 
improve imaging techniques; standardize film, 
screens, chemicals, illuminators and cassettes; 
conduct preventive maintenance on processors 
and analyze retakes to keep X-ray quality up to 
performance standards. 

It’s all part of Du Pont’s commitment: 
personal involvement and quality in everything 
we do and sell. 


DAND MEDICAL XRAY | 
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Straight talk 
t about uniform contact 





The Halsey Comp-I-Sette I by USR 


Uniform contact between film and screen is essential to the 
diagnostic quality of a radiograph. Check your present cassette. 
Flex it. Remember that 1 mm of deflection equals a loss of 
2 line pairs of resolution. 


That is why the Halsey Comp-I-Sette I has a rigid, welded stainless 
steel frame with heavy duty hinges and latches. This insures that equal 
pressure is applied over the entire screen/film interface. 


> Here are some other outstanding features of the Halsey Comp-I-Sette I: 
e Highest abrasion resistance available — exclusive 
epoxy finish applied electrostatically. 


e Versatile—compatible with new automatic 
film loading system as well as manual handling. 


è Less induced static electricity—film drops 
in flat, without sliding. 


e Meets new international size standards. 


The straight talk is that the Halsey Comp-I-Sette I isa Premium 
Cassette at Standard Price. For more details, ask your dealer. or write to 
United States Radium Corporation. 1425-37th Street. Brooklyn, N.Y. 11218. 


USR 3 


Products that work together for you 


Sakura X-ray 
Intensifying Screens. 
Definition is the difference. 








bd ral . . . . . . rr . 
Especially effective in the higher voltage ranges, Sakura X-ray intensifying screens offer higher 
contrast over a longer life. The advantages are worth considering. Reduced radiation. 
Minimal loss in resolution. And longer X-ray tube life. 


Featuring improved physical and chemical properties, Sakura X-ray screens demonstrate higher 
surface purity and higher resistance to abrasion. And they are easy to maintain. A plastic coating 
guards against grime, guaranteeing superior performance after years of continual use. 


Sakura X-ray intensifying screens cope in popular sizes and are available in three speeds. 
QD type for excellent contrast without loss of definition. QH type for faster, finer definition. 
. And ®S type for fastest, finest definition. 





Sakura Medical Corporation 

Radiographic Film and Instrumentation 

57 Bushes Lane, Elmwood Park, New Jersey 07407 
(201) 794-0800 


Sakura X-ray intensifying screens. Higher 
‘contrast. Longer life. And less expensive 
than comparable types. 





Special rite . 


- procedures 
Rare Earth 
Systems 


give you both 


The Trimax Rare Earth Imaging System is the 
fastest screen-film combination available. The sys 
comprises two new rare earth phosphor intensify 
screens and two specially matched medical X-ray 
films. The result: a two to four times increase in Spm 
with no loss in information. ..ideal for special 
procedures. 






a 





Trimax permits maximum use of smaller focal sp 
Magnification angiography can be done with 

increased resolution and a higher level of informa’ 
Reduction in MaS holds tube loading to a minimt 


Trimax minimizes problems with motion blur. 
Retakes due to movement are minimized. Radia 
exposure to both patient and staff is greatly redu 


Trimax fits your rapid film changer. Both screens 
and film have been designed for optimal performeé 
in rapid film changing equipment. Trimax films wi 
unique surface and ant static properties are avail 
for all popular film changers. 


Trimax calls for no major expenditures. In fact, 
it might save money by increasing the efficiency 
your existing equipment. We would be happy to 
schedule an evaluation of the Trimax System at y‘ 
convenience. Just put the coupon in the mail: 
you'll hear from us shortly. 


Mr. Robert Appleby 
3M Center, St. Paul, Minnesota 55101 


| am interested in discussing the 3M Trimax Rare Eagh Imagir 
System. Please have a 3M technical representative call on me 


Name Position 

Facility 

Address City 

5 s a 

State Zip Telephone 
@ 

PHOTOGRAPHIC PRODUCTS DIVISION 

3M Center, St. Paul, Minnesota 55101 

3M. Canada Ltd 


PO. Box 5757. | ondon. Nt 1 4T1 Ontario 


3M Europe S5 A 





A NAAN Qrisccals Roluum 
















a “ 
`, wi OE a 
sar-old, gravida-7 woman with no = ©. ¥ kÀ 
istory of breast cancer. Physical wa i Aiai rigs 
atjop of both breasts was normal. w age a 
apja diographic mammography +o We et E Oo as 
rmeéd also. Xeroradiograph of — 2 oe 
reast (rep peuced Lepr es i ke $ ha on i he 
si eveals iall cluster of tumor TAa Sa = 
atio ns. s- Biopsy c onfirmed very early E elie 
carc inon 10ut evidence of i a, a S 
i disease The lesion is so small wya Qe 
cupies only one medium power } ' P 
T radical n stectomy was P ) A 
ient wel Seri —_ 





. oe wk 


° Xerox Corporation, Xeroradiography 
Physician Information 


RE P. O. Box 5786, Pasadena, CA 91107 
uction of this 
graphs with text.  XEROX® is a trademark of XEROX CORPORATION 
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RAPID AND CLEA 
VISUALIZATIO 


with 


ORAGRAFIN 


IPODATE 


SQUIBB: 





e Visualization of the ducts occurs in 1 Dosage Schedules 

to 3 hours and of the gallbladder within ah STG APTN eR ET 

5 hours or less ei ith Oragrafin Calcium | Sodium Ipodate Capsules and/or Calcium Ipodate for Oral 
Granules (Calcium Ipodate for Oral Suspension 

Suspension N.F.) = Gallbladder Films of the 


æ The gallbladder is opacified approxi- nee SP gs 


"mately 10 hours after ingestion of — SCENE 
. va 11 PM. 6 Capsules OR 1 packet of 6 Capsules (or 
Oragrafin Sodium Capsules (Sodium Ipo (or 12 pao \packatel 


date Capsules N.F.). Capsules) (or 2 packets) Granules, if 
i k i ; preferred) and 
e Rapid absorption often permits visual- 


ization of even poorly functioning | nextmom- 1 packet of 
: ing, 8 A.M. Granules 
gallbladders. An unprepared patient can 


be studied the same day. 9 A.M. Visualization Visualization Visualization @f 
of gallbladder of gallbladder ducts and 


e When patients cannot take capsules, gallbladder 
the granules are a convenient, palatable 


ə Both salts are usually well tolerated. | 
2 ets 2Uany olerated FOR RAPID, SAME-DAY PROCEDURES 
Calcium |podate for Oral Suspension 


, Films of Gallbladder and Ductal System 


2 packets of Granules 


Visualization of ducts 
10 A.M. Optimal visualization of ducts 
1PM. Visualization of gallbladder 


See next page for complete prescribing information 


“<ORAGRAFIN = ORAGRAFIN 
CALCIUM GRANULES = SODIUM CAPSULES 


Calcium lpodate for _ Sodium lpodate 
Oral Suspension N.F. Capsules N.F. | 


the reason is c ear 
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ORAGRAFIN’ 


CALCIUM GRANULES 


Calcium Ipodate for Oral Suspension N.F. 


MDESCRIPTION 
Oragrafin Calcium Granules (Calcium Ipodate 
or Oral Suspension N.F.) and Oragrafin Sodium 
Capsules (Sodium Ipodate Capsules N.F.) are 
oral radiopaque media for cholangiography and 
sholecystography. Calcium ipodate is available 
n single-dose foil packets providing 3 g. 
>alcium ipodate as granules dispersed in 
“*lavored sucrose. When mixed with water, the 
jranules produce a pleasantly-flavored 
suspension. Sodium ipodate is available in 
sapsules providing 500 mg. sodium ipodate per 
capsule. 
The organically bound iodine content of 
zalcium ipodate and sodium ipodate is 61.7% 
and 61.4%, respectively. 


b 
“ACTIONS 
valcium ipodate and sodium ipodate are 
absorbed from the gastrointestinal tract, 
2xcreted by the liver into the bile, and stored 
and concentrated in the gallbladder. The 
salcium salt, which is absorbed somewhat faster 
han the sodium salt, appears in the ducts as 
2arly as 30 minutes after ingestion. Optimal 
-oncentration of either salt in the hepatic and 
diliary ducts occurs within 1 to 3 hours after 
ingestion in nearly all cases; rarely, maximal 
pacification may be delayed for as much as 5 
1ours. Adequate opacification of the ducts 
iSually persists for about 45 minutes. The ducts 
nay be visualized in patients who have 
indergone cholecystectomy. 
The gallbladder is optimally opacified 
approximately 10 hours after ingestion of either 
walt. Diagnostically adequate filling, however, 
ften takes place within 5 hours or less after 
mgestion, particularly with the calcium salt. 
“hus, studies of ducts and gallbladder may be 
carried out in as little as 5 hours when 
yecessary or desirable. In this connection, it 
should be pointed out that both salts have been 
administered to unprepared patients as well as 
bo previously prepared patients, with no 
ignificant difference in results. 


INDICATIONS 

Jalcium ipodate and sodium ipodate are 
dicated for cholecystography. They may also 
we used for cholangiography, although they are 
sot considered the drugs of choice. 


SONTRAINDICATIONS 
both preparations are contraindicated in 
*ersons who are hypersensitive to ipodate salts. 


WARNINGS 

a history of sensitivity to iodine per se or to 
"ther iodinated compounds is not an absolute 
ontraindication to the use of these 
reparations, but calls for extreme caution in 
dministration. 


Isage in Pregnancy 

he safety of these preparations for use during 
regnancy has not been established; therefore, 
vey should be used in pregnant patients only 
vhen, in the judgment of the physician, their use 
3 deemed essential to the welfare of the patient. 


RECAUTIONS 

creasing the dosage above that 
2commended increases the possibility of 
ypotension. 

Anuria may result when these preparations 
re administered to patients with combined 
2nal and hepatic disease or severe renal 
npairment. 

Renal toxicity has been reported in a few 
atients with livêr dysfunction who were given e 
ral cholecystographic agents followed by 
rographic agents. Administration of urographic 
gents s®ould therefore be postponed in any 
atient with a known or suspected hepatic or 


SQUIBB HOSPITAL omsion 


-R.,, Squibb & Sons, Inc. 


ORAGRAFIN® 


SODIUM CAPSULES 
Sodium lpodate Capsules N.F. 


biliary disorder who has recently taken a 
cholecystographic contrast agent. 

Gastrointestinal disorders which interfere with 
absorption and liver disorders which interfere 
with excretion may result in non-visualization of 
the hepatic and biliary ducts and the 
gallbladder. 

Contrast agents may interfere with some 
chemical determinations made on urine 
specimens; therefore, urine should be collected 
before administration of the contrast media or 
two or more days afterwards. 

Thyroid function tests, if indicated, should be 
performed prior to the administration of these 
preparations since iodine containing contrast 
agents may alter the results of these tests. 


ADVERSE REACTIONS 
Sodium ipodate and calcium ipodate are usually 
well tolerated. Unwanted effects such as mild 
and transient nausea, vomiting, or diarrhea 
sometimes occur but the incidence can be 
reduced by restricting the dosage to 3 g. and 
administering only the Granules to patients who 
may be prone to gastrointestinal reactions. 
Headache, dysuria, or abdominal pains may 
occur infrequently as transient disturbances. 
Hypersensitivity reactions may include 
urticaria, serum sickness-like reactions (fever, 
rash, arthralgia), other skin rashes, and. rarely, 
anaphylactoid shock. They are more likely to 
occur in individuals with a history of allergy, 
asthma, hay fever, or urticaria, and in those who 
have previously demonstrated hypersensitivity 
to iodine compounds. 


DOSAGE AND ADMINISTRATION 

The Capsules should be taken with as little 
water as possible. They may be swallowed in 
rapid succession or slowly over the course of v 
hour or more, depending on patient preference. 

The Granules should be stirred vigorously into 
a small amount of water (% glass or less) and 
swallowed immediately. If lukewarm rather than 
cold water is used, the patient will find the 
Suspension quite palatable and there will be less 
likelihood of nausea. 

A total dose of 6 g. (12 Capsules or 2 packets 
of Granules) per 24 hour period should not be 
exceeded. 

When an upper gastrointestinal barium study 
is scheduled, prior administration of either Salt 
will not interfere. Either salt may also be used in 
conjunction with an intravenous 
cholangiographic agent. 

The recommended dosage and patient 
preparation for cholangiography and/or 
cholecystography are as follows: 


Routine Cholecystography 

On the day before the examination. the patient 
may, if feasible, eat a high-fat lunch so that the 
gallbladder will evacuate and refill with Opacified 
bile. The evening meal, which should be light 
and fat-free, should be eaten 2 hours before the 
contrast medium is taken. The contrast agent 
should be administered 10 to 12 hours before 
the roentgenologic examination. The usual dose 
is 6 Capsules (providing 3 g. sodium ipodate), 
although up to 12 Capsules may be given; 1 to 2 
packets of Granules may be used instead. No 
other food or drink except small amounts of 
water should be taken before the examination. A 
mild laxative or other cathartic may be given, 
but is not generally necessary. 

Roentgenologic examination of the 
gallbladder is performed the next morning in the 
usual manner, employing the standard 
positions. An immediate study of the wet films 
will determine any need for repositioning of the 
patient. Administration of a fat meal or other 
cholecystokinetic agent provides good dynamic 
Studies of gallbladder function. If a barium meal 
examination is also t® be performed, the fat 


meal may be given simultaneously with or 
following the barium meal. Gallbladder function 
Studies are then made after the barium meal 
examination is completed. 


Cholangiography 

No prior preparation of the patient is necessary. 
For this procedure, the Granules should be 
used. They are administered one hour before 
cholangiography. Although only one packet 
(providing 3 g. calcium ipodate) may suffice, two 
packets (6 g.) are usually necessary for 
visualization of the ducts. 

Beginning one hour after ingestion of the 
Granules, and at 15-minute intervals thereafter, 
films should be taken, preferably with the aid of 
tomography or laminography. With proper 
positioning of the patient, residual contrast 
medium in the gastrointestinal tract is not likely 
to be a problem, particularly with the more 
rapidly absorbed calcium salt. Optimal 
visualization of the ducts is generally achieved 
between 1⁄2 and 22 hours after ingestion of the 
medium. 


Combined Cholangiography and 
Cholecystography 

Preparation of the patient and administration of 
dosage should be as outlined under Routine 
Cholecystography, with a dosage of 6 Capsules 
or, if preferred, one packet of Granules taken on 
the evening before examination. On the 
following morning, one hour before the 
examination, one additional packet of Granules 
should be administered. 

Beginning one hour after the morning dose, 
and at 15-minute intervals thereafter, films 
should be made, preferably with the use of 
tomography or laminography. While the 
gallbladder will have concentrated the evening 
dose of the medium, the additional morning 
dose will provide opacification of the ducts, and 
simultaneous visualization may be achieved. 
When satisfactory films have been obtained, a 
fat meal may be administered to provide 
gallbladder function studies. 


Rapid Combined Cholangiography and 
Cholecystography 

No prior preparation of the patient is necessary. 
On the day of examination, the patient should be 
given two packets of Granules. Beginning one 
hour later, examination of the ducts should be 
performed as described under 
Cholangiography. If the gallbladder has not 
opacified sufficiently by the time the 
cholangiographic examination is completed, 
further cholecystograms may be taken after 2 or 
3 hours. Dynamic studies of gallbladder function 
may be carried out in the usual manner. 


HOW SUPPLIED 

Oragrafin Calcium Granules (Calcium Ipodate 
for Oral Suspension N.F.), single-dose foil 
packets; boxes of 25 packets (3 g. calcium 
ipodate per packet). Oragrafin Sodium Capsules 
(Sodium Ipodate Capsules N.F.), boxes of 25 
vials (6 Capsules each vial); bottles of 100; and 
Unimatic” single-dose packages of 100. 
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' Since this ad first ran 
-~RAREX has sold thousan 





y 
” 
To find out why, call or write for a free demonstration. 
United States Radium Corporation, 1425-37th Street, Brooklyn, N.Y. 11218. 
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Products that work together for you 


S 





What you see in the radiograph on page xvii is just a coin placed on the pa- 


tient's posterior right hemithorax. It does bear a resemblance to the coin lesion 


produced by a benign so 


You naturally suspected “something else” 
rather than a coin lesion: the increased 
Opacity of the posterior rib easily places the 
“lesion” behind the rib. 

o It is such consistently superior resolu- 
tion which has made GAF® x-ray film the 
“film of choice” for thousands of radiologists 
for over 75 years. 

As America’s oldest manufacturer of 
film, photographic papers and chemicals, 
GAF has helped advance the art of radiog- 
raphy, particularly with increasingly effective 
x-ray film: 

Our HR2000 film for moderate scale 
contrat and minimum base fog ig ideal for 
resolving minute lesions and fractures. 
à HR3000 film is a high-contrast fine 
grain film well-suited for short exposure an- 
giography. 

And our HR1000 film provides opti- 


litary lesion, perhaps a hamartoma or tuberculoma. 





mum image and exposure latitude, and long- 
scale contrast. 


Find out also about GAF Liquamat® 
90 all-liquid chemistry. Fast and clean-work- 
ing, it’s also color-coded for quality assurance, 
We've even produced a series of six 
teaching courses (utilizing overhead trans- 
Parencies) used in numerous hospitals today. 


= 





See for yourself: ask your local 
GAF x-ray representative to 
demonstrate the consistently 
high quality of GAF products. 


Quality. Service. Or, if you wish, write GAF 


Corporation, X-Ray Marketing, 


= 140 West 5lst Street, Ne 
Education. Korka Non York 10020. is 





More information from 
high-density areas 

The shoulder area of the characteristic 
curve shows that extended contrast is 
available in the high-density region. 
This “soft” shoulder extends the lati- 
tude of the film while maintaining the 
contrast needed for visualization of 


soft-tissue areas. 

a 
More processing latitude 
Ahigh degree of tolerance to variations 
in processing machines and chemistry 
is built into 3M Type R film. A medium- 
speed film for use with Calcium Tung- 
state or UV-emitting screens, Type R 
also offers improved anti-static charac- 
teristics. 
PHOTOGRAPHIC 
PRODUCTS DIVISION 
3M Center 
St. Paul, Minnesota 55101 
eit 
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Quality Plus Service . 

Two support organizations, Litton Med- 
ical Systems and the 3M Company 
stand behind Type R film. It is your 
assurance of a fine quality product— 
along with the services of two teams of 
expertly trained specialists in film and 
processing. , 


Equals Value 

Your film business is important to us. I* 
has been and will continue to be our 
policy to offer the best product and 
service available. Before you make 
another film purchase, check us out. It 
could be to your advantage. 


[H Litton Medical Systems 
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Get it now. The AMX-110 mobile x-ray unit is 

available for delivery now. And now more than 

ý ever, GE is prepared to give the financing/leasing 
arrangement you want, with a service/maintenance 
program that best serves your needs. We listen. 
We work with you. And we responde Look for the 
commitment behind the equipment. 





Now do routine _ 
radiography anywhere 











- and get anything but- 
routine results. 





x AP Chest, 1.0 mAs, 85 kVp. Non-grid, 
i technic par speed screens, 40 inch 
g. distance. 





LAT Lumbar spine, 250 mAs, 95 kVp. 
12:1, 103 line grid cassette equipped 
with par speed screens, 40 inch distance. 


Don’t confuse the AMX-110™ with other mobile 
x-ray units used for emergency and back-up 
use. It is a legitimate rival to fixed installations, 
and a proven performer, over a full range of 
x-ray procedures, in hundreds of 

hospitals and clinics. 


Its self-contained power system—three 40-volt 
nickel/cadmium cell groups warranted for 5 

full years—stores 10,000 mAs at 100 kVp; 
proportionately more at lower levels. This means 
several days of busy radiographic procedures 
before requiring recharge. Full recharge can bes 
done overnight. 


It also means a high capacity, high quality 
radiographic capability anywhere in the hospital 
No “extras” to buy or installation delays. No 
special room or wiring requirements. Just guide 
the self-powered AMX-110 to the patient and it's 
ready to go. You don't even have to plug it in. 


Ask your GE representative to show you 
AMX-110 film studies. Seeing is believing. And 
learn how quickly the AMX-110 can be handling 
your work load. 


General Electric Medical Systems, 
Milwaukee, Toronto, Madrid 
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- Hunt Chemistry 
- two- 





way street 
ko more information 











. „the one way to Da 
high contrast and maximum densities 


HUNT PREMIUM 90/90 DEVELOPER & REPLENISHER 


_ «the one way to 
long-medium scale contrast with low base fog 


HUNT UNIVERSAL 90 DEVELOPER & REPLENISHER 


Hunt offers X-ray departments 
two chemical processing systems to 
reach optimum informational levels 
with a wide range of film emulsions 
and the broadest scale of contrasts. 


Rely on one of the Hunt developer 
systems to give you the results you 
want, with the film of your choice. * 
Sensi-Mat Fixer is the companion fixer 
product for these systems. 


Our ability to offer more economy is new. 


Our formula fo 






Because Hunt 
chemistry is compatible 
with a broad range of 
film emulsions you 
might expect it to cost 
more than other 
chemical systems which 
are formulated to meet narrower 
processing requirements. In fact, NOW 
Hunt processing systems cost less than 
other national brands thanks to a new 
marketing program that has helped 
reduce the price of our products. This 
cost saving factor plus our continuing 
policy of direct sales—from Hunt 
Chemical to you, the customer—make 
Hunt processing systems more 
economical than ever before. 

These are convincing reasons to 
“buy Hunt’”in atime when department 
heads and hospital administrators 
are concerned with reducing the 


r quality is unchanged. 


rising cost of film processing 
while maintaining quality 
results. 

You get more from Hun® 
than a “money saving 
package.” Hunt chemical 
systems have a “packed 


formula” that will help you achieve con 


sistent, optimum results with major 

domestic and imported 90-second films 
For more details contact a Hunt 

representative at one of the many 

Hunt branches and sales offices 


throughout North ° 
America. He has D 

the facts and the The 
experience to offer | 

technical assistance mage 
as your department Miaker 


may require. 
® Photographic Industry Group 





Philip A. Hunt Chemical Corporation, Palisades Park, N.J. 07650 
Philip A. Hunt Company (Canada) Ltd., Toronto | 


NEW © 
OPPORTUNITIES 
FOR 
APPLICATIONS 
IN PROSTATE 


AND UROLOGIC 
SCANNING 


WITH 


Aloka URO-SCAN 


With the increased use of diagnostic ultrasound, new in- 
strumentation and techniques have been developed to 
visualize structures heretofore not reliably obtained using 
available radiographic techniques. 





Through use of the URO-SCAN System, clinicians claim 
recognition of echo patterns assocated with growth of pro- 
Static carcinoma and recognition of stones of the prostate. 
The URO-SCAN adds a new dimension to the visualization 
of the prostate gland and urinary bladder. It also offers 
great possibilities to the clinician for applications in the 
fields of Obstetrics and Gynecology. 
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URO-SCAN System is Unique... 


e Allows transrectal 360° visualization 
utilizing a rotating 3.5 MHz transducer to 
present cross-sections of the lower pelvic 
anatomy. Ten centimeter indexed axial 
displacement of the transducer provides 
the third dimension for complete delinea- 
tion of size, shape, volume, and areas of 
tissue density, especially of the prostate 
gland. 

e Accurate depth of echo measurements 
are achieved through digital readouts in 
mm. of marker positions. 


In addition, the URO-SCAN System 
provides: 


e 5 step magnification 

e Attenuation from 0 to 22 db in 1 db 
steps 

e A and B scans simultaneously 

e Two scope presentation with storage 
and non-storage capability 


For Further Information Write: 


GRUMMAN 





FEALTA SYSTEMS 


400 Crossway 8 Park Drive 
Woodbury, L.I., New York 11797 


NEGATIVE 
ACHIEVER 


PAKO 14X-2 


X-ray film processor 


e dry to dry in two minutes 
e staggered rollers eliminate 
streaks/patterns/artifacts 
no special wires; 120v current 
e easy maintenance 
e $4800 —includes two 
replenisher tanks 
For additional information call- 
your Pako distributor or us 
directly. 


pako. 


PAKO CORPORATION 


6300. Olson Memorial Highway * Minneapolis, Minnesota 55440 
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“ VACUPAC 


‘The Vacuum Cassette System 
for low cost, low dosage 
Mammography. 











THE REASONS: 


e Outstanding technical results (resolu- e Motion unsharpness almost eliminated 
tion in excess of 10 line pairs per e Lengthens tube life 
millimeter) e Simplified loading procedure 

e Greatly reduced exposures (by 85% e Lightweight reusable cassettes 
in some instances) e Absolute film screen contact 


THE MECHANISM: 
4. 


Y 








7. Evacuate—5 seconds should do it! 





THE COST: 







$325.00 complete with 12 8x10 reusable cassettes and vacuum pump. 10x12 also available. 


In Stock at your local dealer or contact: 


E- Z= EM “System of your choice” 
111 kde Street, Westbury, New York 11590 (516) 333-8230 


International ĝffiliates: —.7-FM Renstor R U lofio ant = i 
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ANATOMY OF THE COLON* 


GUIDE TO INTRA-ABDOMINAL PATHOLOGY 
HICKEY LECTURE, 1975 


By JOSEPH P. WHALEN, M.D. 


NEW YORK, NEW YORK 


It is indeed a great honor to be here this 
evening delivering a lecture named for such 
an outstanding contributor to radiology as 
Dr. Preston M. Hickey. These contributions 
are obviously too numerous to elaborate, but 
can be characterized as being “basic”? to all 
aspects of radiology, both academic and or- 
ganizational. Their effects are still felt today. 
The topic I have chosen to discuss 1s an ana- 
tomic topic, related to radiology of the ab- 
domen. Hopefully, this also will prove to be 
basic information which will meet the test of 
time, albeit in a less significant manner. 

The normal anatomic relationships of the 
colon as applied to radiographic anatomy 
have been previously described.t This work 
was done by Dr. Paul A. Riemenschneider 
and me, initiated during my residency with 
him. This will only briefly be reviewed and 
emphasis this evening will be primarily on 
illustrating the pathologic alteration of thts 
normal anatomy. This likewise was inspired 
and done in part with Dr. Riemenschneider 
and his contribution is gratefully acknowl- 


edged. 


HE colon is an organ ideally suited for 

the primary classification of abdominal 
masses since it traverses most of the ab- 
dominal cavity and has both intra- and 
extraperitoneal relationships. The ascend- 
ing and descending segments are primarily 
posterior without a mesentery and are re- 
lated to the extraperitoneal fat.® The trans- 
verse colon and sigmoid colon, however, 
are on a mesentery, are anterior, and are 
more central, related to central intraperi- 
toneal and anterior extraperitoneal organs 
(Fig. 1). A fact not commonly appreciated 
is the difference in depth of portions of both 
the right colic flexure and the left colic 
flexure. The very lateral aspect of the right 
colic flexure is quite far posterior and re- 
lated to the posterior portion of the liver 
and extraperitoneal organs such as the 
kidney. As the colon turns medially, it 
passes anterior over the right kidney and 
the descending duodenum and then as- 
sumes a mesentery. It comes into relation- 
ship with the more anterior structures such 
as the gallbladder and the anterior visceral 


* Presented at the Meeting of the Wayne County Medical Society, the Wayne State University Callege of Medicine and the Michi- 


gan Radiological Society, Detroit, Michigan, March 6, 1975. 


From the Department of Radiology, Cornell University Medical College, The New York Hospital, New York, New York. 
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Fic. 1. (4) Horizontal cross section of the abdo- 
men through the lower portion of both kidneys 
showing the ascending and descending colon 
(C) to be posterior and related to the extraperi- 
toneal fat and kidneys. P= psoas, RK=right 
kidney, LK=left kidney, A = aorta, V = inferior 
vena cava. (B) Horizontal cross section through 
the left upper quadrant showing the anterior 
portion of the left colic flexure (C) (area 5). L= 
liver, S=stomach, Sp=spleen. (C) Horizontal 
cross section through the right upper quadrant 
showing the anterior portion of the right colic 
flexure (C) related to the anterior gallbladder 
(GB) and anterior portions of liver (L). e=ex- 
traperitoneal fat. 
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Fic. 2. (4) Plain roentgenogram of the abdomen showing 
a normal gallbladder indentation on area 3 of the colon. 
(B) Calcified gallbladder (GB) related to area 3 of the 
colon. (C) Oral cholecystogram showing opacified gall- 
bladder related to area 3 of the colon. 
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Fic. 3. (4) Area 4 of the colon is seen adjacent to 
the splenic hilus “marked” by calcification of 
the splenic artery (black arrow). Area 5 of the 
colon is related to the posterior “splenic angle” 
(white arrow). (B) Air contrast study showing 
area 4 changing its relationship to the splenic 
hilus (arrowhead) since this area of colon is on 
a mesentery and not fixed. It also shows the 
constancy of area § relatively fixed by the 
phrenicocolic ligament, staying with the pos- 
terior “‘splenic angle.” (C) Lateral roentgeno- 
gram of the same barium enema study show- 
ing the relative position of the hilus of the 
spleen (arrowhead) and the relationship of 
area 4 and § of the colon to it. The separation 
of area 3 and 4 of the right colic flexure is also 
seen, 
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rams of a barium enema study showing separation of areas 4 and 5 of 


Fic. 4. (4 and B) Oblique roentgenog 
lated to kidney and area 4 to anterior spleen. K = kidney, S= spleen. 


the colon. In B, area 5 can be seen re 





ma examination showing motion of the distal trans- 
lumen (X). The varying relationship of this area of 
filled is seen constantly related to the en- 


Fic. 5. Roentgenograms of postevacuation barium ene 
verse colon which can be identified by a polyp in its 
colon to the splenic hilus (arrow) is apparent. Area 5 which is air- 
larged posterior “‘splenic angle.” 

‘ a 
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Fic. 6. Diagrammatic representation of colonic anatomy in the (4) frontal and (B) lateral projections. 


surface of the liver. We have designated 
these areas as 2 and 3, respectively (Fig. 2; 
and 3). The transverse colon then con- 
tinues, assuming a longer mesentery, and 
ends in the area of the splenic flexure, the 
area of the phrenicocolic ligament. At this 
point the colon is again posterior and re- 
lated to the posterior structures such as the 
left kidney and the posterior aspects of 
spleen. What has generally been accepted 
roentgenologically as the splenic flexure, 
that area on a roentgenogram which shows 
marked angulation, in reality is merely a 


R. ADRENAL 
R. KIDNEY 


MESENTERIC 


portion of the distal transverse colon and 
is quite far anterior. This portion of colon is 
related to the anterior portion of spleen and 
the greater curvature of stomach.!?* For 
convenience, we have labelled these areas 
5 and 4, respectively (Fig. 4; and 5). 

A lateral roentgenogram during a barium 
enema examination clearly shows the 
marked separation of these areas of the 
flexures of the colon. Figure 2 shows the 
gallbladder’s intimacy with area 3. This is 
further illustrated on a barium enema 
examination in the filled and air contrast 
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e . Fic. 7. Diagrammatic illustration of abdominal organ relationship to the colon. 
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states as these areas relate to a calcified 
splenic artery, which marks the hilus of the 
spleen (Fig. 3, 4 and B). The lateral 
barium enema roentgenogram shows the 
very posterior position of both area 2 and 
area § (Fig. 3C). This is diagrammatically 
represented in Figure 6. The insertion of 
the transverse mesocolon is also of prime 
importance since it separates those organs 
and masses of organs which are supra- and 
inframesocolic and therefore project above 
or below the colon (Fig. 7). 

Right Renal Masses. Since the upper two- 
thirds of the right kidney are suprameso- 
colic, the majority of right renal lesions will 
depress the colon, and specifically area 2 of 
the colon, and displace the colon forward 
(Fig. 8; and 9). If the renal lesion arises in 
the inferior third of the right kidney, it will 
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Fic. 8. Bilateral renal enlargement in polycystic dis- 
ease showing the right kidney depressing the right 
colic flexure, specifically, area 2. 





Fic. 9. (4) Right renal mass effacing area 2 of the colon. (B) Lateral 
roentgenogram shows the mass to be retrocolic. . 





abt: pre s" x ‘a 2 . x | 3 
Fic. 10. Mass arising from the lower pole of the right kidney. Although the mass is inframesocolic, it involves 
area 2 of the colon (4) but its retrocolic nature excludes a peritoneal mesenteric cyst (B). 





Fic. 11. (4) Right adrenal mass indenting the 
more posterior aspect of the right colic flex- 
ure and displacing the right kidney inferiorly 
(arrow). (B) The displaced kidney pushes 
the colon forward (area 2) (arrow). (C) Dia- 
grammatic representation of displacement 
of area 2. 
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Fic. 12. Hydrops of the gallbladder. (4) Frontal roentgenogram showing downward displacement of area 3 
of the colon. (B) Lateral roentgenogram showing normal position of area 2 with slight indentation of the 
top surface of area 3 verifying its anterior position (arrow). (C) Diagrammatic representation. 
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Fic. 13. Hamartoma of the anterior visceral surfac 


gallbladder (g) is displaced medially. (B) I 


portion of colon. 


s 
e of liver. (4) Area 3 is depressed but the faintly opacified 
æft posterior oblique view further shows mass effect on anterior 





Fic. 14. Hepatomegaly. (4) Frontal roentgenogram showing downward 
flexure and portions of the transverse colon sparing the le 
showing the posterior displacement of these areas of the colon 


displacement of the entire right colic 
ft colic flexure. (B) Lateral roentgenogram 
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elevate the colon, again in area 2, but this 
may be separated from more common in- 
framesocolic masses such as mesenteric 
cysts by its retrocolic position (Fig. 10). 

Right Adrenal Masses. These are supra- 
mesocolic and also retrocolic (Fig. 11). A 
prominent posterior portion of liver will 
also displace the posterior portion of the 
right co'ic flexure. 

Gallbladder and Anterior Visceral Surface 
of Liver. The gallbladder and anterior 
viscera! surface of liver are anterior and 
supramesocolic and therefore will depress 
the colon and specifically area 3. At times 
only a cholecystogram will differentiate a 
gallbladder mass and one arising from the 
visceral surface of liver in the area of the 
bed of the gallbladder (Fig. 12; and 13). 

Hepatomegaly. Generalized hepatomegaly 
will displace the colon in all its parts re- 
lated to the liver, which includes all of the 
right colic flexure and much of the proximal 
transverse colon. It will depress and pos- 
teriorly displace the colon (Fig. 14; and 15). 

Masses in the Gastrocolic Ligament. These 
will displace the transverse colon inferiorly 
but generally spare the anterior portion of 
both the right and left colic Hexures. Unless 
the stomach is visualized, a dilated stomach 
cannot be differentiated from a gastrocolic 
mass (Fig. 16). 

Left Adrenal Masses. These are supra- 
mesocolic and therefore tend to depress the 
distal transverse colon and, if they assume 
a large enough size, all of the left colic 
flexure (Fig. 17). Visualization of the 
duodenojejunal junction in an abnormal 
position would further separate left ad- 
renal masses from more anterior masses 
such as a gastrocolic mass.’ 

The Body and Tail of the Pancreas. These 
are also supramesocolic and will depress the 
transverse colon. Generally, the anterior 
portion of the left colic flexure and the dis- 
tal transverse colon are the areas depressed, 
since the pancreas, although billed as a 
retroperitoneal organ, is actually quite far 
anterior (Fig. 18). 

Peritoneal Abnormalities. Masses which 
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Fic. 15. (4) Generalized hepatomegaly showing dis- 
placement of right colic flexure and much of trans- 
verse colon sparing the left colic flexure. (B) Dia- 
grammatic representation of the effect of hepatic 
enlargement on the colen. nn 


Fic. 16. Mass in the gastrocolic ligament 
the left and right colic flexure. (4) Fro 


. È ° ° . è 
as the cause. (B) Barium enema examination showing the di 
tending to area 4. (C) Diagrammatic representation of displa 


a mass in the gastrocolic ligament. 


showing downward displacement of the transv 
ntal view showing elevation of stomach, excluding a dilated stomach 





erse colon but sparing 


splacement of the transverse colon but not ex. 
cement seen with either a dilated stomach or 


Vor. 125, No. 1 Anatomy of the Colon . 15 





Fic. 17. Large adrenal carcinoma. (4) Frontal barium enema roentgenogram showing the supramesocolic 
location of the mass, large enough so that both area 4 and 5 are depressed. (B) Diagrammatic representa- 
tion of colonic displacement by a left adrenal mass. 





Fic. 18. (4) Cyst of the tail of the pancreas showing downward displacement of the distal transverse colon 
causing approximation of distal transverse colon to area 4 and 5. This will be difficult to separate from a 
left adrenal mass. (B) Diagrammatic representation of a mass in the tail of the pgncreas. . @ 
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i 4, TA Fic. 19. (4) A large ovarian cyst extend- 
pe z% N ing superiorly in the peritoneal cavity 
e ai s3 4 displacing the sigmoid colon and the 
ss 3 anterior transverse colon, sparing the 


posterior aspects. The posterior aspect 
of liver (1) can be seen separated from 
the mass (m) by the right colic flexure. 
(B) The mass (M) is seen to be anterior 
to the ascending and descending colon 
(5 and 2), and the posterior portion of 
right lobe of liver (the lower L). The 
more anterior portion of liver (upper L) 
has been elevated in continuity with the 
transverse colon by the anterior infra- 
mesocolic intraperitoneal ovarian mass. 
(C) Diagrammatic representation of a 
peritoneal mass. 
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either arise in the peritoneal cavity or ex- 
tend to it are all inframesocolic and will 
elevate that portion of the colon with 
which they come in contact. They will gen- 
erally involve the anterior portions of colon 
(areas 3 through 4) and sigmoid, elevating 
those portions, and will merely flatten the 
more posterior portions since little pos- 
terior displacement can occur because the 
structures behind the ascending and de- 
scending colon are rigid, such as bone and 
muscle (Fig. 19). 
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Fic. 20. Elevation of the left colic flexure by a 
mesenteric cyst in (4), a renal mass in (B), 
and diagrammatically represented in (C). 
The renal mass is not only inframesocolic but 
retrocolic, while the mesenteric cyst is only 
inframesocolic. 


Left Kidney. Since the major portion of 
the left kidney is inframesocolic the left 
flexure will be elevated. This may be dif- 
ferentiated from a mesenteric cyst in this 
area by the retrocolic position of the renal 
mass (Fig. 8; and 20). 

Anterior Portion of Spleen. The entire 
spleen is supramesocolic with the anterior 
portion of the colon (area 4) being related 
to the anterior area of the spleen. As that 
portion of the spleen enlarges, there is some 
downward, but primarily medial, displace- 
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Fic. 21. Anterior splenomegaly. (4) Medial displacement of area 4 of the colon by a large anterior spleen. 
Area of phrenicocolic ligament is partially air-filled in the normal position (area 5). (B) Another patient 
ewith anterior splenomegaly showing characteristic medial displa 
resentation of anterior splenomegaly. 


cement of area 4. (C) Diagrammatic rep- 
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riorly by a large spleen. There is, in addition, 
flecting anterior enlargement. (B) Marked 
posterior enlargement of the spleen. Downward displacement of area s. There is, in addition, anterior 
splenomegaly. (C) Diagrammatic representation of posterior splenomegaly. 


Fic. 22. Posterior splenomegaly. (4) Area 5 is displaced infe 
medial displacement of the area of colon between 4 and § re 


20 Joseph P. Whalen 


ment of that area of colon. This is the type 
of splenomegaly which is often palpable by 
the clinician as the edge extends beneath 
the rib cage. 

Posterior Portion of Spleen. Posterior 
splenomegaly manifests itself by depressing 
the posterior portion of the left colic flexure 
(the true splenic flexure or area of the 
phrenicocolic ligament). If splenomegaly is 
primarily posterior, the spleen will not be 
palpable? (Fig. 21; and 22), 


SUMMARY 


The normal contours and relationships 
of the colon have been described in a pre- 
vious publication. I have attempted to 
show how enlargement of these organs or 
tumefactions arising within them affect the 
colon in a characteristic manner. Hope- 
fully this will become useful in: (1) de- 
termining the normality of the external 
contour and variation of the external con- 
tour of the colon; (2) detecting a clinically 
unsuspected mass by an abnormal indenta- 
tion on the colon; and (3) providing, for 
the diagnostic work-up of abdominal 
masses, a primary classification of abdomi- 
nal masses. Further, I have tried to empha- 
size that the lateral aspects of both colic 
flexures are posterior and tend to reflect 
abnormality of the posterior structures. 
The medial aspects of the colic flexures are 
anterior and likewise reflect abnormality of 
anterior structures. In addition, I re- 
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emphasize that what in the past has been 
called the splenic flexure (the area of 
marked angulation of the colon in the left 
upper quadrant) in reality is merely a por- 
tion of distal transverse colon. The more 
subtle angulation of the colon related to 
the “splenic angle” and left kidney is the 
true splenic flexure, the area of the phreni- 
cocolic ligament. 


Department of Radiology 
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New York, New York 10021 
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THE CHOLECYSTO-COLIC RELATIONSHIPS* 


A ROENTGEN-ANATOMIC STUDY OF THE COLONIC 
MANIFESTATIONS OF GALLBLADDER DISORDERS 


By GARY G. GHAHREMANI, M.D.,+ and MORTON A. MEYERS, M.D.f 


RICHMOND, VIRGINIA AND NEW YORK, NEW YORK 


ABSTRACT: 


In approximately 80 per cent of cases the gallbladder is closely applied to the 
superior medial aspect of the right colic flexure. This intimate anatomic relationship 
provides pathways for direct extension of both inflammatory and neoplastic lesions 
of the gallbladder to involve the adjacent colon. The resultant secondary colonic 
abnormalities noted in 15 patients have been analyzed and correlated with surgical- 


pathologic findings. 


In acute cholecystitis, barium enema examination shows evidence of indentation 
by an enlarged gallbladder, spasm and mucosal edema in the anterior hepatic 
flexure. Chronic cholecystitis results in involvement of the adjacent colon by fibrous 
adhesions and inflammatory reaction. These may further lead to the development 


of pseudotumors simulating primary carcinoma of the colon. Similar findings in- 
cluding cholecysto-colic fistulae may be the initial manifestations of carcinoma of 


the gallbladder. 


The spectrum of pathologic-roentgenographic alterations in the cholecysto-colic 
‘nterface is described and illustrated. Recognition of these features is of critical im- 
portance for the correct interpretation of barium enema findings and the subsequent 
management of patients with gallbladder disorders. 


i ees nonspecificity of signs and symp- 
toms of diseases of the gallbladder 
often makes the clinical diagnosis and dif- 
ferentiation from processes in other organs 
difficult.8:227 The problem is further com- 
plicated by the fact that intimate anatomic 
relationships of the gallbladder to adjacent 
segments of the colon and duodenum pro- 
vide natural pathways for extension of in- 
flammatory and neoplastic lesions origi- 
nating in the gallbladder.?310%4°9 At 
times, it is the striking manifestation of the 
secondary effects upon these neighboring 
organs that first brings the patient to medi- 
cal attention.®™ 8223 Since roentgenologic 
evaluation of gastrointestinal disorders 1s 
often initiated by a barium enema study, 
detection of an abnormality in the colon 
may be very misleading.” It may 


even adversely influence the further course 
of work-up and treatment of the patient 
with gallbladder disorder. 

The purposes of this report are multiple: 
(1) to clarify the anatomic features of the 
cholecysto-colic relationships and their sig- 
nificance in the spread of pathologic pro- 
cesses; (2) to document the variety of 
roentgenographic presentations of colonic 
involvement by inflammatory and neo- 
plastic lesions of the gallbladder; (3) to 
establish criteria for recognition of the 
secondary nature of resultant abnormalities 
shown on barium enema study which may 
otherwise simulate a primary lesion of the 
colon; and (4) to emphasize the comple- 
mentary information obtained by colon 
examination of patients in whom the wide 
range of possible causes for nonvisualiza- 


* From the Departments of Radiology, Virginia Commonwealth University—Medical College of Virginia Hospitals, Richmond, 
Virginia, and The New York Hospital-Cornell University Medical Center,t New York, New York. œ 


+ Associate Professor and Chief of Gastrointestinal Radioloyy. 
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Fic. 1. Transverse section of the right upper abdo- 
men at midplane of the right kidney (K) demon- 
strates intimate relationships of the gallbladder 
(G) to the hepatic flexure of the colon (C) and the 
liver (L). D=duodenal bulb and proximal de- 
scending duodenum; S=stomach. 


tion of the gallbladder on cholecystography 
has previously resulted in a diagnostic 
dilemma. 


MATERIAL AND METHOD 


The cholecysto-colic relationships were 
evaluated by examining horizontal and 
sagittal sections of the abdomen of several 
frozen cadavers. 

Fluoroscopic and roentgenographic ob- 
servations were made on Ioo patients un- 
dergoing oral cholecystography. In these 
individuals, the opacified gallbladder and 
the gas- or contrast material-containing 
right colic flexure permitted evaluation of 
their relationships in various positions and 
respiratory phases. 

Fifteen patients in whom barium enema 
examination was the initial study revealing 
abnormalities in the colon subsequently 
proved to be the result of a gallbladder dis- 
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order were analyzed. The underlying patho- 
logic conditions were acute cholecystitis in 
3, chronic cholecystitis or its complications 
in 8, and carcinoma of the gallbladder in 4 
patients. The roentgen findings were cor- 
related with observations made at surgery 
and with changes noted in the resected 
specimens available in 12 cases. 

The 12 female and 3 male patients were 
30 to 88 years of age, with the majority in 
their sixth or seventh decade of life. The 
presenting clinical symptoms which led to 
barium enema examination included ab- 
dominal pain, weight loss, rectal bleeding, 
and change in bowel habits, usually with 
diarrhea. Nine patients had a palpable 
mass or tenderness or both in the right up- 
per or midabdomen. There were no symp- 
toms of biliary colic or evidence of 
jaundice on initial presentation. In 2 pa- 
tients, however, gallstones had been diag- 
nosed 5 and 9 years earlier. They were 
among the Io of 15 patients from whom a 
history indicative of biliary tract disease 
could be elicited on subsequent careful 
inquiry. 


ANATOMIC AND NORMAL ROENTGENOLOGIC 
CONSIDERATIONS 


The hepatic flexure of the colon anatomi- 
cally is actually composed of 2 segments, 2!:3° 
The proximal or ascending section is a con- 
tinuation of the retroperitoneally fixed 
ascending colon and is closely related to the 
posterolateral tip of the liver and the 
lateral margin of the right kidney. The dis- 
tal or transverse section of the flexure lies 
in a more superior and anterior plane, and 
has limited mobility because of its attach- 
ment to the beginning of the transverse 
mesocolon. It is precisely the superior and 
medial surface of this segment of the 
hepatic flexure which is in close proximity 
to the gallbladder (Fig. 1; and 2), thus 
being potentially subject to involvement 
by processes originating in that organ. It 
has been recently shown by Meyers et al. 
that the gallbladder is typically closely ap- 
plied to the adjacent colonic haustra lo- 
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cated between the taenia mesocolica and 
the taenia omentalis. Although not neces- 
sarily conspicuous in all instances, these 
particular haustra are those primarily in- 
volved by gallbladder disorders. 

The gallbladder is attached superiorly to 
the undersurface of the right and quadrate 
lobes of the liver. It is otherwise covered by 
peritoneum which reflects to continue onto 
the hepatic serosal surface. The separation 
of the gallbladder inferiorly from the adja- 
cent hepatic flexure is provided by a “‘po- 
tential” intraperitoneal space, as shown by 
its opacification during peritoneography.”® 
This intimate relationship, however, is in- 
fluenced by anatomic variations in position, 
size, and the degree of mobility of the gall- 
bladder, liver, and colon. For example, the 
gallbladder may be entirely invested by 
peritoneum, and connected with the liver 
by a long mesentery. The resultant “float- 
ing” gallbladder will not possess a constant 
relationship to the colon unless dictated by 
pericholecystic adhesions. The intrahepatic 
gallbladder and hepato-diaphragmatic in- 
terposition of the colon are also among 
congenital variations which effectively pro- 
hibit a close cholecysto-colic relationship. 

Our fluoroscopic and roentgenographic 
evaluation of 100 patients undergoing oral 
cholecystography shows that the gall- 
bladder is closely applied to the hepatic 
flexure in 78 per cent of the patients. In 
these individuals, the distance between the 
inner walls of the gallbladder and the adja- 
cent colon is less than 1.5 cm. as measured 
from their luminal contours directly on the 
upright compression spot roentgenograms, 
disregarding the magnification. In only 7 
patients (7 per cent) was the distance 
greater than 3.0 cm. Furthermore, the de- 
gree of separation of the 2 organs appears 
essentially independent of inspiration or 
expiration, whether the patient is supine or 
erect. These findings further define the re- 
sults of a similar study reported by Jacob- 
son et al These authors noted that the 
gallbladder and the hepatic flexure were 
virtually contiguous in 63.5 per cent, sepa- 
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Fic. 2. Schematic drawing of frontal 
gallbladder—colon relationship. 


rated by 1-3 cm. in 31.3 per cent and “dis- 
tantly removed” in 5.2 per cent. 


REPORT OF CASES 


Case 1. Acute cholecystitis. This 30 year old 
female with a history of chronic pyelonephritis 
and hypertension was being followed as an out- 
patient as a prospective candidate for renal 
transplantation. Her re-admission was prompted 
by 2 days of crampy periumbilical pain, nausea, 
diarrhea, and epigastric tenderness. The pre- 
sumptive clinical diagnosis was uremic entero- 
pathy. 

Barium enema examination demonstrated 
evidence of localized extrinsic compression and 
mild mucosal irregularity on the superior border 
of the anterior hepatic flexure of the colon (Fig. 
34). Oral cholecystography 2 days later failed 
to opacify the gallbladder, and an upper gastro- 
intestinal series showed spasm and extrinsic 
compression of the postbulbar segment of the 
duodenum. These roentgen findings, together 
with the development of a palpable tender 
gallbladder, were consistent with diagnosis of 
acute cholecystitis. 

Under medical observation and antibiotic 
therapy, the symptoms subsided within a few 
days. An air-contrast enema study performed 
2 weeks later showed the hepatic flexure to ap- 
pear normal (Fig. 3B). However, 4 months later 
the patient’s symptoms recurred, and at sur- 
gery an acutely inflame@gallbladder containing 
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Fic. 3. Case 1. (4) Roentgenogram of the hepatic flexure of the colon shows mucosal edema in area of inden- 
tation by the enlarged gallbladder (arrows), and a focal contraction proximally. (B) Air-contrast colon 
examination reveals normal appearance of the right colic flexure 2 weeks after remission of symptoms. 


several pigmented stones was removed without 
complication. 


Comment. In acute cholecystitis the gall- 
bladder is often enlarged due to distention 
from obstruction of the cystic duct by a 
stone or, less frequently, by edematous 
spiral folds (valve of Heister).? The wall of 
the gallbladder is diffusely thickened and 
edematous. The congested serosal surface 
usually shows patches of fibrinous exudate. 
At this stage, barium enema examination 
may reveal smooth ex:rinsic compression 
of the hepatic flexure by the distended gall- 
bladder with evidence of localized mucosal 
edema (Fig. 34). Furthermore, occurrence 
of segmental contractions in the hepatic 
flexure can be recognized during barium 
enema examination, and the antegrade 
passage of barium beyond the cholecysto- 
colic interface may be delayed (Fig. 4, 4 
and 5). 


Case 11. Pseudotumor of the hepatic flexure 
secondary to chronic cholecystitis. This 54 year 
old female had undergone vagotomy and pylor- 
oplasty for chronic peptic ulcer disease 2 years 
previously. Subsequently, she developed 
‘rampy lower abaominal pain, usually occur- 
ring I hour postprandially and often relieved 
by defecation. Anorexia, a 27 pound weight 
oss, and frequent epis@des of foul-smelling diar- 
rhea were also present. 


Physical examination showed slight epigas- 
tric tenderness. A mild hypokalemia was the 
only relevant laboratory finding. Gastroduo- 
denal cytology was negative. 

Barium enema examination showed an ap- 
parent 1.5 cm. filling defect with a probable 
central ulceration in the most superior aspect 
of the anterior hepatic flexure (Fig. 54). On 
air contrast study 2 days later, however, only 
severe spasm of the hepatic flexure and minimal 
mucosal irregularity were evident, indicative 
of a localized inflammatory process (Fig. 5B). 
Oral cholecystography with single and double 
dose of contrast material did not visualize 
the gallbladder, although tomography showed 
faint opacification of a normal appearing com- 
mon bile duct. 

A shrunken and chronically inflamed gall- 
bladder was resected at surgery. Following lysis 
of adhesions between the gallbladder, the right 
colic flexure, and the omentum, the adjacent 
colon appeared normal on palpation. Subse- 
quent course has been uneventful. 


Comment. In chronic cholecystitis the 
gallbladder may be either distended or 
shrunken, although its wall is often dif. 
fusely thickened. Marked fibrous adhesions 
are usually present between the thickened 
serosa and the adjacent structures, namely 
the colon, duodenum, and the greater 
omentum.®:*:!4,24,25 These adhesions must be 
removed to make the gallbladder visible 
and accessible when cholecystectomy is at- 
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Fic. 4. Acute cholecystitis. (4) Barium enema study shows long segmental contraction of the proximal colon 


and slight inferior displacement of the anterior hep 


atic flexure. (B) The 4 hour roentgenogram of a small 


bowel series done 4 days later demonstrates intimate relationship of the fundus of the gallbladder (arrows) 
to the haustra in the superior aspect of the adjacent colon. The antegrade passage of barium beyond the 
cholecysto-colic interface was delayed. The gallbladder (arrows) containing radiolucent stones is faintly 


visualized on double dose cholecystography. 


tempted. As a result of such pericholecystic 
adhesions and the secondary involvement 
of the hepatic flexure by chronic and recur- 
rent inflammation of the gallbladder, a 
variety of findings may be noted on barium 
enema examination. In 2 of our patients a 
polypoid filling defect (Fig. 54; and 6) was 
present in the superior aspect of the right 
colic flexure. On laparotomy pericholecystic 
adhesions involving this area and account- 
ing for the roentgenographically demon- 
strated pseudotumors were lysed and the 
colon itself appeared normal on careful 
palpation. In other instances, however, seg- 
mental resection of the colon containing 
pseudotumors composed of granulation 
tissue has been necessary.” 

Hydrops and empyema of the gallblad- 
der are well-known complications of cystic 
duct obstruction by impacted gallstone, 
scarring, or inflammatory edema. Barium 
enema examination and sometimes a plain 
film roentgenogram of the abdomen may 


demonstrate the distended gallbladder com- 
pressing upon the superior aspect of the 
hepatic flexure.”*?° This segment usually 
shows evidence of mucosal edema and 
spasm in cases with empyema, while lack of 
such inflammatory changes and absence of 
leukocytosis, jaundice, and localized tender- 
ness are typical for hydrops. Smooth ex- 
trinsic indentation of the colon by an en- 
larged gallbladder may also occur in pa- 
tients with a “porcelain” gallbladder (Fig. 
7) and with Courvoisier’s sign of pancreati- 
coduodenal malignancy (Fig. 8). 


Case ul. Pericholecystic abscess involving the 
colon. This 67 year old male was admitted with 
a 2 day history of mild fever, dizziness, and 
diarrhea containing frank blood. He also com- 
plained of anorexia resulting in a 30 pound 
weight loss during the past 3 months. The past 
history included hypertension, and recurrent 
urinary tract infection treated until 4 months 
prior to admission. ° i 

Physical examination revealed a slightly en- 
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Fic. 5. Case 11. (4) Barium enema study shows a 1.§ cm. mass (arrow) with apparent central collection of 
barium in the anterior hepatic flexure. (B) Repeat examination by air-contrast enema shows evidence of 


segmental spasm of the right colic flexure. 


larged firm liver with mild tenderness of the 
right upper abdomen. The bowel sounds were 
normal. The white blood cell count was 18,800 
and the hemoglobin was 8.7 gm. per cent. The 
benzidine test of stools was positive but no en- 
teropathogenic organisms were detectable in 
specimens. The provisional clinical diagnosis 
was a carcinoma of the colon with probable 
metastasis to the liver. 

A barium enema examination showed a 6 cm. 
long constricting lesion of the anterior hepatic 
flexure, with a shelf-like distal border and ir- 
regular, prominent mucosa without ulceration 
(Fig. 9, 4-C). The involved segment appeared 
rigid and fixed in position but it was not ob- 
structive to the retrograde flow of barium. 
A liver scintigram with Tc9™-sulfur colloid 
also showed a large defect in the anteroinferior 
margin of the liver consistent with extrinsic 
compression by a mass. 

On laparotomy a large mass incorporating 
the proximal transverse colon and the gall- 
bladder was found adherent to the undersurface 


of the liver. Frozen seetions of 4 biopsy speci- 


mens demonstrated a dense focally hyalinized 


fibroadipose tissue with aggregates of chronic 
inflammatory cells and foci of hemorrhage and 
necrosis. Subsequently the mass was dissected 
from the liver, and upon incision a central 
cavity containing 2 small gallstones and yellow- 
ish-creamy material was entered. The analysis 
of the evacuated content revealed presence of 
Clostridium perfringens and 2 strains of Esche- 
richia coli. The surgical and histopathologic 
findings were consistent with an old perforated 
empyema of the gallbladder resulting in infra- 
hepatic and pericolic abscess formation. There- 
fore, a Pezzar catheter was inserted into the 
remnant lumen of the gallbladder, and Penrose 
drains were placed in the supra- and infra- 
hepatic spaces. Postoperatively, the patient 
was treated with massive doses of antibiotics, 
blood transfusions, and other supportive med- 
ical measures. However, the course became 
complicated by development of pneumonia 
and septicemia, and the patient expired 5 weeks 
later. 


Comment. Perforation of the gallbladder 
complicating phlegmonous inflammation 
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or decubitus ulceration by gallstones can 
lead to generalized peritonitis and sub- 
phrenic abscess. More commonly, however, 
such perforations remain localized because 
the omentum and serosa of the surrounding 
viscera adhere to and effectively seal the 
gallbladder. Nonetheless, the pericholecys- 
tic abscess can involve and encircle the 
hepatic flexure of the colon producing 
changes which closely simulate a primary 
tumor of the colon roentgenographically 
(Fig. 9, 4-C)!:%4 and surgically.'7?* A 
careful evaluation of the roentgenographic 
findings with respect to the specific loca- 
tion, length of the lesion, and preservation 
of the otherwise retracted and crowded 
mucosal folds should correctly indicate the 
secondary nature of the abnormality. 
Internal biliary fistulae are most com- 
monly a complication of calculous cholecys- 





Fic. 6. Pseudotumor of the colon (arrow) due to 
pericholecystic adhesions in a 60 year old female. 
At operation, fibrous bands and adhesions between 
the gallbladder and the greater omentum were 
found adherent to and compressing the superior 
aspect of the anterior hepatic flexure. 
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Fic. 7. Roentgenogram of barium enema study in an 
81 year old man with rectal bleeding and a pal- 
pable abdominal mass. The large “porcelain” 
gallbladder (arrows) with an impacted stone in 
its neck was adherent to the depressed anterior 
hepatic flexure. 


titis.3714:22 The cholecystocolic fistulae ac- 
count for up to 20 per cent of all fistulae, 
and are second in frequency to those in- 
volving the duodenum.”.?§ Pericholecystic 
abscess and adhesions extending into the 
postbulbar segment of duodenum or the 
right colic flexure, or both, facilitate perfo- 
ration of the gallbladder and expulsion of 
stones into the intestinal lumen (Fig. 10) 
through the fistula.*4?° Cholecystocolic 
fistulae are detected incidentally when a 
barium enema study (Fig. 11) is performed 
because of diarrhea and weight loss.” These 
symptoms are due to the cathartic effect of 
bile salts entering the colon directly, and to 
the steatorrhea related to fat indigestion in 
the absence of bile in the small intestine. 
Lower gastrointestinal hemorrhage 1s oc- 
casionally the presenting symptom,’ as it 
was in I of our 4 patieats with fistulae from 
the gallbladder to the colon. 





Fic. 8. This roentgenogram of a barium filled colon 
demonstrates smooth extrinsic compression of the 
hepatic flexure by an enlarged gallbladder second- 
ary to carcinoma of the pancreas (Courvoisier 
gallbladder). 
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Case Iv. Invasion of the colon by carcinoma of 
the gallbladder. This 50 year old female was in 
good health until 6 weeks prior to admission 
when she developed epigastric discomfort, ma- 
laise, nausea, and loss of appetite. Progression 
of symptoms was associated with occasional 
passage of blood-stained stools. A barium 
enema examination done elsewhere demon- 
strated a 2.5 cm. sessile polypoid mass in the 
medial aspect of the proximal hepatic flexure 
compatible with a primary carcinoma of the 
colon (Fig. 124). On admission she appeared 
mildly icteric, and complained of heartburn, 
fullness in the epigastrium, and nausea. There 
was a slight but diffuse tenderness in the upper 
abdomen without a palpable gallbladder. The 
findings were suggestive of metastatic involve- 
ment of the liver. 

Repeat barium enema study revealed marked 
rigidity and infiltration of the superior aspect of 
the anterior hepatic flexure in addition to the 
previously noted sessile lesion (Fig. 12B). At- 
tempts to opacify the gallbladder by oral and 
infusion cholecystography were unsuccessful. 





Fic. 9. Case 11. (4 and B) Spot film roentgeno- 
grams from barium enema study demonstrate 
annular constriction of the distal hepatic 
Hexure by a large mass mimicking a primary 
colonic carcinoma. Note the appearance of a 
shelf-like border in its distal margin. (C) 
Postevacuation roentgenogram indicates fixa- 
tion and rigidity of the involved segment of 
the colon. 
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An upper gastrointestinal series demonstrated 
extrinsic compression of the postbulbar duode- 
num from its lateral aspect (Fig. 12C). The 
mucosal folds in the medial wall of the de- 
scending duodenum also appeared irregular and 
distorted, and there was narrowing of the third 
part of the duodenum. The latter findings sug- 
gested possibility of a pancreatic carcinoma. 
On exploratory laparotomy an infiltrative 
adenocarcinoma of the gallbladder directly ex- 
tending into the adjacent liver, duodenum, and 
right colic flexure was found. There were me- 
tastases to the hepatic hilar lymph nodes and 
in the proximal hepatic flexure where the initial 
lesion was noted. Because of the extent of the 
malignancy, only biliary drainage was under- 
taken. The patient expired a few weeks later 
following rapid deterioration of her condition. 


Comment. The malignancy commonly 1n- 
filtrates all layers of the gallbladder wall 
and rapidly extends into the surrounding 
structures. Therefore, the anatomic rela- 
tionships of the gallbladder to adjacent 





Fic. 10. Barium enema study in an 88 year old male 
shows an impacted gallstone (arrow) in the sig- 
moid colon, with distended intestinal loops prox- 
imally. The cholecysto-colic fistula is partially 
opacified (arrows). 





Fic. 11. Cholecysto-colic fistula due to chronic 
calculous cholecystitis. Barium enema study 
shows a wide communication between the fundus 
of the gallbladder and the narrowed adherent seg- 
ment of the hepatic flexure. Note the presence of 
stones within the gallbladder and the reflux of 
barium into the common bile duct. 


viscera become an important factor for the 
spread of cancer, production of clinical 
symptoms, and feasibility of surgical treat- 
ment.? 81013.15 In a series of 78 cases seen at 
Peter Bent Brigham Hospital, Litwin” 
found contiguous invasion of the liver by 
carcinoma in 63 per cent. The colon was 
involved in 22 per cent while spread to the 
duodenum and omentum each occurred in 
26 per cent of patients. The experience of 
Fahim et al.2 at the Mayo Clinic has been 
similar. Up to 15 per cent of patients with 
carcinoma of the gallbladder will show evi- 
dence of colonic invasion on barium enema 
examination.®! While involvement of the 
colon (Fig. 12, 4-C; and 13) is a late mani- 
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Fic. 13. Carcinoma of the gallbladder resulting in 
fistulous tract (arrow) between the right colic 
flexure and the postbulbar segment of the duod- 

e enum which are infiltrated by the tumor. 
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Fic. 12, Case 1v. (4) Spot film roentgenogram 
of the initial barium enema study demon- 
strates a 2.5 cm. sessile lesion (arrow) in the 
medial wall of the proximal hepatic flexure. 
(B) Follow-up examination also reveals the 
infiltration of the superior aspect of the right 
colic flexure. (C) Spot film roentgenograms of 
the duodenal loop in the oblique and lateral 
projections show extrinsic indentation by the 
gallbladder. The first part of the duodenum is 
irregularly narrowed due to extensive infiltra- 
tion of its wall by the tumor. 


festation of the disease, it may also be the 
reason for initial clinical presentation as 
exemplified in Case Iv. 

The spectrum of findings noted on bar- 
jum enema examination depends on factors 
such as the location of the carcinoma in the 
gallbladder and the extent of cholecysto- 
colic relationship.® Infiltration of the su- 
perior aspect of the hepatic flexure pri- 
marily occurs when the carcinoma origi- 
nates in or involves the inferior surface of 
the body and fundus of the gallbladder 
(Fig. 12, 4-C; and 13). A carcinoma de- 
veloping in the neck of the gallbladder has 
a greater tendency to extend into and ob- 
struct the cystic and common bile ducts. 
Therefore, barium enema examination may 
show only an impression of an enlarged 
gallbladder (Fig. 14, 4 and B) while duo- 
denal involvement is readily apparent on 
the upper gastrointestinal series.®1%15 Both 
examinations are invaluable and comple- 
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Fic. 14. Carcinoma of the gallbladder obstructing the cystic duct in a 65 year old female. (4) Preliminary 
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roentgenogram of the abdomen in the supine position shows a markedly enlarged gallbladder (arrows) as 
outlined by inferior displacement of the hepatic flexure of the colon. (B) Barium enema study reveals im- 
pression of the distended gallbladder (arrows) upon the anterior surface of the hepatic flexure. 


ment each other in providing a correct 
diagnosis. 

Internal biliary fistulae occasionally oc- 
cur with carcinoma of the gallbladder when 
the necrotic tumor perforates into the adja- 
cent duodenum or colon or both. As in 
our patient (Fig. 13), the clinical presenta- 
tion can be diarrhea, melena and loss of 
weight. Although evidence of pneumobilia 
and irregular gas collections within the 
tumor may permit a plain film roentgeno- 
graphic diagnosis, barium studies of the 
gastrointestinal tract and the colon are 
usually required to outline the fistula.’°” 
Differentiation of the basic etiology, namely 
cholecystitis from carcinoma, is often diff- 
cult on a roentgenographic basis. Since 
carcinoma of the gallbladder is usually 
superimposed upon chronic cholecystitis 
with or without stones, the presence of 


pericholecystic adhesions is often relevant 
for producing an even closer pathway for 
extension of the tumor into the colon. 
When there are extensive mucosal destruc- 
tion and tumefaction of the involved colon, 
the findings clearly indicate the presence of 
gallbladder malignancy. 


DISCUSSION 


The unique anatomic relationships be- 
tween the colon and other organs have been 
the subject of several recent pathologic- 
roentgenographic studies.!**,9.59 Both the 
inflammatory and neoplastic processes of 
adjacent viscera often secondarily involve 
the large intestine using anatomic cross- 
roads.?31317-21 In a significant number of 
patients, barium enema examination is the 
initial roentgen study with findings which 
lead to correct recognition of the primary 
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disease in other digestive organs, or in the 
genitourinary tract.! 417.18 

The colonic manifestations of gallbladder 
disorders deserve particular attention be- 
cause of the prevalence of biliary tract dis- 
eases and their often nonspecific or mis- 
leading clinical presentation.®1213 Indeed, 
classic symptoms of large intestinal dis- 
ease, e.g., rectal bleeding, diarrhea, cramp- 
ing abdominal pain and weight loss are not 
rare in gallbladder disorders, as was also 
true in our patients,” 9:25.27 

Basic to the appreciation of alterations 
illustrated on barium enema studies in this 
report is an understanding of the intimate 
cholecysto-colic relationships which influ- 
ence the spread of pathologic conditions. 
The gallbladder and the right colic flexure 
are closely related in most individuals. The 
degree of proximity of the 2 organs is even 
further enhanced when pericholecystic ad- 
hesions prevail. The extent of abnormalities 
noted on a barium enema examination of 
the colon often clearly reflects the severity 
of the pathologic process in the gallbladder. 
Thus acute cholecystitis results only in ex- 
trinsic compression and functional changes 
of the adjacent colon, which may be re- 
versible (Fig. 3, 4 and B; and 4, 4 and B). 
Actual infiltration of the wall of the adja- 
cent colon accompanies both chronic chole- 
cystitis':”'*15.24 and carcinoma of the gall- 
bladder.*:§ In most instances, involvement 
by an inflammatory or neoplastic process 
appears localized to the superior aspect of 
the anterior hepatic flexure (Fig. 3; 5; 
11-13), but circumferential involvement of 
the lumen (Fig. 9, 4-C) mimicking primary 
carcinoma of the colon may also occur.! %24 
The barium enema findings of chronic 
cholecystitis and carcinoma of the gall- 
bladder are at times quite similar. In fact, 
a carcinoma may develop upon the pre- 
existing chronic cholecystitis, and either 
disease may be complicated by cholecysto- 
colic fistulae. Diarrhea and loss of weight 
were primary complaints in 3 of our 4 pa- 
tients with biliary fistula detected during 
barium enema study. Preliminary roent- 
genograms of the abdomen also showed air 
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in the region of the gallbladder in 3 cases, 
all of whom had cholecystocolic fistula due 
to chronic cholecystitis. Carcinoma of the 
gallbladder resulted in a duodenocolic 
fistula in 1 patient (Fig. 13). The communi- 
cation with the gallbladder itself was in- 
completely shown on preoperative roent- 
genograms because of its obliteration by 
the tumor. It should be noted that duo- 
denocolic fistulae are usually a complica- 
tion of carcinoma of the right colic flexure 
rather than peptic ulcers or biliary tract 
diseases.*:??:28 

Pseudotumors of the colon in patients 
with chronic cholecystitis (Fig. 5; 6; and 9) 
have also been observed by other au- 
thors.!7%?4 The larger annular lesions as 
illustrated in Case 111 are manifestations of 
a pericholecystic abscess directly extending 
into the colon wall and resulting in epiplo- 
pericolitis..*4 Smaller pseudotumors (Fig. 
54; and 6) may be caused by pericholecys- 
tic adhesions and the related inflammatory 
or ischemic process in appendices epi- 
ploicae.™: 11:23 

Certain roentgenologic features have 
proved helpful in recognition of the sec- 
ondary nature of colonic abnormalities 
shown in our patients and in cases pre- 
viously described in the literature.! 91924 A 
notable sign is preservation of the colonic 
mucosal folds, although they may appear 
crowded and increased in number due to a 
localized contraction of the colon and 
desmoplastic response.!:*!° On careful in- 
spection many such folds appear perpen- 
dicular to the longitudinal axis of the colon 
(Fig. 94), with gradual transition toward 
the adjacent normal segments. Angulated 
axes of the folds may reflect adhesions and 
the fibrous reaction. Normal progression of 
peristalsis or occurrence of spasm and tonic 
contractions is usually seen in the involved 
segment during fluoroscopy. Complete ob- 
struction of the intestinal lumen is highly 
unusual with either cholecystitis or carci- 
noma of the gallbladder.!:7"5 These findings 
are in sharp contrast to those associated 
with a primary carcinoma of the colon 
which characteristically involves a shorter 
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segment of irregular stenosis with shelving 
defects and destroyed mucosa. Kent?’ has 
also pointed out that on postevacuation 
roentgenograms the retention of barium 
proximal to a constricting lesion of the 
colon is a frequent and useful clue in the 3. 
diagnosis of a primary carcinoma. 

As in cases illustrated herein, lesions 
originating in the gallbladder invariably 
present above the transverse mesocolon 
and affect the superior or medial aspects of 5. 
the right colic flexure.*:!*?:2%39 On the basis 
of the vector principle described by Whalen 
and co-workers, one can easily differenti- 
ate colonic involvement by gallbladder 
lesions from those caused by other pro- 
cesses. For example, masses arising in the 
right kidney may elevate the proximal 7. 
transverse colon, while gastric carcinoma 
and pancreatic lesions involve the more dis- 
tal segment of the transverse colon.*:!8~?!:?9 
The roentgenologic differential diagnosis 
can be even further refined because specific 9. 
haustral rows of the colon are primarily 
affected in each condition, as recently 
shown by Meyers et a/.?° These authors 
have pointed out the close relationship of 
the body of the gallbladder to those haustra 
which are located between the taeniae 
mesocolica and omentalis of the adjacent 11- 
colon.”° 

A barium study of the colon can provide 
complementary diagnostic evidence of gall- 
bladder disease in certain instances when a 
multiplicity of causes for nonopacification 
of the gallbladder on cholecystography has 13- 
created problems in reaching a definite con- 
clusion. Awareness of the spectrum of sec- 
ondary colonic manifestations and their 
correlation with other clinical and roentgen 15. 
studies can be of critical importance for 
correct assessment of the underlying gall- 
bladder disease and its therapeutic manage- 
ment. 

Gary G. Ghahremani, M.D. 


MCY Station, Box 728 17. 
Richmond, Virginia 23298 
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PERCUTANEOUS TRANSHEPATIC 
CHOLANGIOGRAPHY* 


PROBLEMS IN INTERPRETATION 


By RICHARD D. KITTREDGE, M.D., and JEANNE W. BAER, M.D. 


NEW YORK, NEW YORK 


ABSTRACT: 


The patient who presents with jaundice, regardless of the etiology, cannot be 
adequately examined by a gallbladder series and intravenous cholangiography. 
Clinical evaluation aided by laboratory analysis will not always differentiate be- 
tween primary liver parenchymal disease and biliary tract obstruction. Percutaneous 
transhepatic cholangiography, when successfully performed, answers the question 
of whether the jaundice is due to primary liver parenchymal disease or due to biliary 
tract obstruction. The point to emphasize is that under no circumstances 1s it ap- 
propriate to presume any information if the biliary system is not entered and 
visualized successfully. 

The proper interpretation of the level of block can fall prey to the mistake of in- 
complete aspiration of the thick, inspissated bile in the obstructed biliary tree before 
injection of contrast material. The problem will be worsened by a peripheral entrance 
into the biliary system rather than a more central one. Gastrointestinal series should 
always be available to aid in identifying pathology at the entrance of the common 
bile duct into the duodenum. Lastly, identifying the etiology at the site of the block 
will require additional procedures. Selective visceral angiography has contributed 
greatly in this area. During the 20 years of clinical usage of percutaneous transhepatic 
cholangiography, we feel it has become the single examination capable of preventing 
unnecessary exploration of the jaundiced patient with primary liver parenchymal 
disease and the most useful potential source of practical information if laparotomy 


is necessary to correct biliary tract obstruction. 


eee transhepatic cholan- 
giography is one of the older methods of 
visualizing the biliary tree. In the half 
century since its inception, its use has 
waxed and waned primarily because oral 
cholecystography proved to be safer and 
better. However, in the last 20 years with 
the widespread use of image intensifiers a 
visually controlled method has regained 
popularity for the study of the biliary tree 
in jaundiced patients to determine if there 
is mechanical extrahepatic block of the 
biliary tree, the location of the extrahepatic 
block, and finally, what is causing the 
block. 

Numerous extensive reports on per- 
cutaneous transhepatic cholangiography 


have been published.":* Methods and 
techniques have been studied in detail.’ 
The risk was low in the early series and has 
continued to decrease.?:7 The information 
obtained has been strikingly reliable. Pa- 
tients have been repeatedly saved from 
laparotomy when the extrahepatic biliary 
system was shown to be widely patent. 
Identification of the site of extrahepatic 
block has been extremely helpful in the 
planning of the surgical approach and 
definitive treatment. The etiological agents 
have been divided into 3 categories ac- 
cording to the type of defect created on the 
transhepatic cholangiogram: stones, ma- 
lignant tumor, either primary or meta- 
static, and finally, stricture. However, it 
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Fic. 1. Case 1. Gastrointestinal examination demon- 
strated effacement of the mucosa (arrow) along 
the inner margin of the duodenal sweep in the re- 
gion of the pancreatic head. 


is accepted that no matter how soundly es- 
tablished a diagnostic procedure is in mod- 
ern radiology, if performed often enough, 
sporadic, serious diagnostic problems will 
occur. We have selected the following 
group of cases to emphasize the difficulties 
which may arise in determining the site of 
obstruction and the cause of obstruction. 


REPORT OF CASES 


Case 1. This was the first hospital admission 
of a so year old white man who entered with a 
history of 6 months of weakness and 3 weeks 
of jaundice. Physical examination revealed a 
well developed man with jaundice. Pertinent 
laboratory material revealed elevated bilirubin 
and alkaline phosphatase levels. A gastroin- 
testinal series demonstrated effacement of the 
mucosa (arrow) along the inner margin of the 
duodenal sweep in the region of the pancreatic 
head (Fig. 1). A diagnosis of extrahepatic 
common duct obstruction secondary to car- 
cinoma was made. A percutaneous trans- 
hepatic cholangiogram on the morning of opera- 
tion suggested a complete block at, or close to, 
the porta hepatis (Fig. 2). The aspirated bile 
was dark green and extremely viscous. The 
fhost likely diagnosis was carcinoma of the pan- 
creas, metastatic to periportal lymph nodes. At 
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operation, a 4X5 cm. mass in the head of the 
pancreas was identified causing complete block 
of the common duct just above the ampulla of 
Vater. There was no evidence of metastatic dis- 
ease in the porta hepatis. Histologic examina- 
tion revealed a carcinoma of the head of the 
pancreas. 

In retrospect, the technical diagnostic prob- 
lem here centered around the inability of the 
contrast material to filter through the dense 
inspissated bile down to the true site of block. 
There is no question that from many points of 
view, regardless of the thickness of the con- 
tents of the biliary tree, an extensive aspira- 
tion should be attempted: first, to relieve pres- 
sure from the biliary system; second, to make 
the injection of contrast material more com- 
fortable for the patient by preventing any 
further distention of the common duct and 
biliary system; and lastly, so that the contrast 
material can reach the actual site of block, 
rather than pool behind a dense column of 
heavy, inspissated biliary material. 


Case 11. This 57 year old white man was ad- 
mitted to the hospital with a 10 day history 
of lower abdominal pain associated with inter- 
mittent constipation, grayish stools and dark 
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Fic. 2. Case 1. Percutaneous transhepatic cholangi- 
ography suggested a complete block at, or close 
to, the porta hepatis. 
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urine. Laboratory values indicated elevated 
levels of amylase, bilirubin and alkaline phos- 
phatase. Shortly after admission a distended 
gallbladder was noted. 

Gastrointestinal series showed marked pres- 
sure (arrow) on the postbulbar area of the 
duodenal sweep (Fig. 3). A reverse 3 sign in 
the descending duodenum was noted. Hypo- 
tonic duodenography minimized the findings 
(Fig. 4); however, some pressure along the 
inner margin of the sweep remained. Percu- 
taneous transhepatic cholangiography sug- 
gested a high porta hepatis block. The needle 
puncture was in the peripheral left hepatic 
duct radicles. Note the extrinsic pressure de- 
fect (arrow) in the more central left hepatic 
duct (Fig. 5). Decompression of the biliary 
system via the needle in this location was 
limited. 

At operation a 2.5 cm. carcinoma of the pan- 
creatic head was identified with obstruction of 
the distal intrapancreatic common duct. No 
metastatic disease was present. Again, failure 
to visualize the entire common duct down to 
the distal block seemed best explained by poor 
aspiration of the biliary system before attempts 
to place contrast material into the ducts. A more 
central puncture would have eliminated the 
problem by allowing better drainage of the 
obstructed system. 





Fic. 3. Case u. Gastrointestinal series showed 
marked pressure (arrow) on the postbulbar area 
of the duodenal sweep. A reverse 3 sign of the de- 
scending duodenum was noted. 
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Fic. 4. Case 11. Hypotonic duodenography minimized 
the findings, however, some pressure along the 
inner margin of the sweep remained. 


Case ut. This 70 year old woman entered 
the hospital deeply jaundiced, anorexic with 
markedly elevated bilirubin, alkaline phospha- 
tase, LDH, and SGOT values. Five years prior 
to admission she had had a cholecystectomy 
for cholelithiasis. Incidentally noted then was 
a microscopic carcinoma of the gallbladder. 

Gastrointestinal series showed pressure in 
the postbulbar area (arrow) consistent with a 
dilated common duct (Fig. 6). Percutaneous 
transhepatic cholangiography showed mild 
dilatation of the right hepatic radicles and 
more severe dilatation of the left hepatic ducts 
with a narrowed area in the proximal left 
hepatic duct (arrow). Multiple calculi in the 
distal dilated common duct were identifed. 
Only partial obstruction to the biliary drainage 
was present. Narrowing of the left main he- 
patic duct suggested the possibility of recurrent 
carcinoma of the gallbladder or a benign stric- 
ture (Fig. 7 and 8). At operation benign stric- 
ture was found. Three stones were removed 
from the common duct. In this case 2 abnormal 
areas suggested the possibility of separate 
etiologies. Only at operation could recurrent 
carcinoma of the gallbladder be properly ruled 
out as the cause of the narrowing of the prox- 
imal left hepatic duct. Two diagnostic points 
can be made here. First, choledocholithiasis 
can present as either defects due to the actual 
presence of stones or as areas of narrowing sec- 
ondary to trauma to the ductal system. Second} 
single or multiple localized narrowings of the 
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Fic. 5. Case 11. Percutaneous transhepatic cholangi- 
ography suggested a high porta hepatis block. 
The needle puncture was in the periphery of the 
left hepatic duct radicles. Note the extrinsic pres- 
sure defect (arrow) in the more central left hepatic 
duct. Decompression of the biliary system via the 
needle in this location was limited. 





biliary system can be caused by numerous dis- 
eases, as will be discussed in Cases v1, vir, and 
VIII. 


Case Iv. This 53 year old Cuban woman pre- 
sented with 2 month history of right upper 
quadrant pain, 2 weeks of increasing jaundice 
with light colored stools and 1 week of increas- 
ingly dark urine. Laboratory data revealed 





| CA SE 2 
Fic. 6. Case 111. Gastrointestinal series showed pres- 


sure in the postbulbar area (arrow) consistent 
with a dilated common duct. 
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elevated levels of alkaline phosphatase and 
bilirubin, and a markedly increased prothrom- 
bin time. Liver biopsy showed acute perichol- 
angitis and bile stasis consistent with biliary 
obstruction. 

Percutaneous transhepatic cholangiography 
revealed an eccentrically tapered distal com- 
mon duct which had the appearance of a men- 
iscus sign on some films and an irregular defect 
suggesting tumor on others. The presence of a 
large stone in the cystic duct remnant (arrow) 
favored the presence of a second stone ob- 
structing the common duct (Fig. 9 and 10). At 
operation, only stones were found proximally 
and distally. 


Case v. This 62 year old female entered the 
hospital with a 4 week history of deepening 
jaundice. The bilirubin and alkaline phospha- 
tase values were elevated; the liver was mark- 
edly enlarged. 

A gastrointestinal series showed a large lesser 
curvature ulcer (arrow) of the duodenal sweep 
at the junction of the second and third portion 
and a large extrinsic pressure defect along the 





Fic. 7. Case 11. Percutaneous transhepatic cholan- 
giography showed a mild dilatation of the right he- 
patic radicles and more severe dilatation of the left 
hepatic ducts with a narrowed area at the proximal 
left hepatic duct (arrow). Multiple calculi in the 
distal dilated common duct were identified. Nar- 
rowing of the left main hepatic duct suggested the 
possibility of recurrent carcinoma of the gall- 
bladder or a benign stricture. 
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greater curvature of the proximal second por- 
tion of the duodenum (Fig. 11 and 12). A per- 
cutaneous transhepatic cholangiogram demon- 
strated a massively dilated common duct (ar- 
row) and gallbladder. Again contrast material 
did not reach the distal common duct suggest- 
ing a mid-duct block (Fig. 13). 

At operation, a well localized carcinoma of 
the ampulla of Vater was found. This is an- 
other example which demonstrates the diffi- 
culty in establishing the site of block. 

Better aspiration of the common bile duct 
undoubtedly would have allowed more distal 
filling of the duct. The clue here is the hazy 
interface between the contrast medium and the 
bile indicating mixing of the two, rather than 
contrast material against a solid obstruction. 
However, even more significant is the fact that 
the primary lesion was carcinoma of the am- 
pulla of Vater, clearly demonstrated by gastro- 
intestinal series. The presence of this lesion 
clearly indicated the level of the block. Gastro- 
intestinal series should always precede a per- 
cutaneous transhepatic cholangiogram, since 
biliary disease is often secondary to primary 
gastrointestinal pathology. This is also seen in 
Case Ix. 


Case vi. This 63 year old woman was ad- 
mitted with the diagnosis of recurrent extra- 
hepatic biliary obstruction. Four and one half 
months prior to admission the patient had 
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Fic. 8. Case 111. Close-up view of the distal common 
duct showing the multiple calculi. 


Percutaneous Transhepatic Cholangiography 








Fic. 9. Case 1v. Percutaneous transhepatic chol- 
angiography revealed an eccentrically tapered 
distal common duct which had the appearance of 
the meniscus sign on some films and an irregular 
defect suggesting tumor on others. The presence 
of a large stone in the cystic duct remnant (arrow) 
favored the presence of a second stone obstructing 
the common duct. 


been admitted with a history of jaundice, dark 
urine, and light stools. She was explored, and 
fibrosis of the extrahepatic biliary tree was 
defined. The dense fibrotic process involved the 
common hepatic duct and common bile duct 
causing extremely narrowed areas which were 
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Fic. 10. Case 1v. Close-up view of the distal common 
duct. Arrow marks position of a large stone in the 
cystic duct remnant. 












Fic. 11, Case v. Gastrointestinal series showed a 
large lesser curvature ulcer (arrow) of the duod- 
enal sweep at the junction of the second and third 
parts of the duodenum and a large extrinsic pres- 
sure defect along the greater curvature of the 
proximal second part of the duodenum. 


freed with difficulty. Following the exploration, 
the bilirubin fell to the upper limits of normal. 
Shortly after discharge she required a second 
admission for recurrent jaundice. Intravenous 
pyelography showed a dilated right kidney col- 
lecting system as a result of ureteropelvic 
obstruction (Fig. 14). A percutaneous trans- 
hepatic cholangiogram revealed a complete 
obstruction just distal to the junction of the 
right and left hepatic ducts (arrow). Selective 
arteriograms were normal which pointed away 
from tumor. The appearance of the obstruction 
favored the diagnosis of tumor (Fig. 15). At 
laparotomy, the ureteropelvic obstruction of 
the right kidney was due to retroperitoneal 
fibrosis. The ureter was dissected from the 
dense fibrotic process and re-anastomosed to 
the kidney pelvis. The hyalinizing fibrosclerosis 
was also demonstrated surrounding the extra- 
hepatic tree and was clearly the cause of the 
complete block of the common bile duct. 

The history of fibrosis at previous explora- 
tion and the current involvement of the right 
kidney ureteropelvic junction should have 
péinted clearly to multifocal sclerosing fibrosis. 
Its presence in more than one organ system is 
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characteristic and the roentgenologic picture 
often resembles the classic appearance of ma- 
lignancy. 


Case vit. This 61 year old female presented 
with dizziness, blurred vision, markedly de- 
creased appetite, scleral icterus, and increasing 
weakness. Elevated bilirubin and alkaline 
phosphatase levels were noted on admission. 

A gastrointestinal series showed a smooth 
defect along the lesser curvature of the antrum 





Fic. 12. Case v. Close-up view of the second part of 
the duodenum with the large extrinsic pressure 
defect along the greater curvature of the proximal 
duodenum and the lesser curvature ulcer (arrow) 
at the junction of the second and third parts of the 
duodenum. 
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(Fig. 16). Percutaneous transhepatic cholangi- 
ography showed a long area of stenosis of the 
mid common bile duct (arrows) extending to 
the junction of the right and left hepatic ducts 
strongly suggesting tumor (Fig. 17). 

At operation carcinoma of the gallbladder 
was found with diffuse involvement of the re- 
gional lymph nodes causing marked narrowing 
of the common duct. The patient was decom- 
pressed via a drainage tube placed in the junc- 
tion of the right and left hepatic ducts. When 
this tube was injected with contrast material, 
it was noted that the dilatation of the left 
biliary system (arrow) was greater than on the 
right (Fig. 18). 

Here again the difficulty in dealing with a 
narrow area in the biliary system was demon- 
strated. Primary malignancy of the common 
duct or gallbladder, and metastases to regional 
lymph nodes were foremost in the differential 
diagnosis. However, benign tumor of the com- 
mon duct, as seen in Case x, inflammatory dis- 
ease, secondary effects of calculi in the biliary 
tree, and finally multifocal fibrosclerosis (some- 
times referred to as sclerosing cholangitis) must 
all be considered in the differential of what can 





Fic. 13. Case v. Percutaneous transhepatic chol- 
angiogram demonstrated a massively dilated com- 
mon duct (arrow) and gallbladder. Contrast ma- 
terial did not reach the distal common duct sug- 
gesting a mid-duct block. 


Percutaneous Transhepatic Cholangiography 





Fic. 14. Case vı. Intravenous pyelogram showed a 
dilated right kidney collecting system as a result 
of ureteropelvic obstruction. 


appear to be a relatively benign, smooth, nar- 
rowed area. Stricture formation in the biliary 
system probably represents the most difficult 
differential diagnostic problem in percutaneous 
transhepatic cholangiography. 


Case vil. This $9 year old heroin addict was 
admitted for methadone detoxification with a 
history of 6 weeks of weight loss, vomiting, de- 
creasing appetite, and increasingly dark urine. 
He was a thin jaundiced male with an enlarged, 
markedly nodular and tender liver. He had 
elevated bilirubin and alkaline phosphatase 
levels. Transhepatic cholangiography showed 
irregular areas of narrowing throughout the 
biliary tree with some dilatation of the distal 
left hepatic duct to a level 1 cm. from the porta 
hepatis (arrow, Fig. 19). The common hepatic 
duct and common bile duct were also markedly 
narrowed. Contrast material appeared to flow 
into the duodenum without significant delay. 
In view of the free flow of contrast medium 
into the duodenum, the jaundice was probably 
related to intrahepatic disease. The differential 
diagnosis on transhepatic cholangiography in- 
cluded sclerosing cholangitis and diffuse me- 
tastatic disease. In the hospital the patient de- 
veloped a pleural effusion; his condition rapidly 
deteriorated and he gied approximately 4 
month following admission. 
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system. Because of the history of heroin addic- 
tion it was felt during his hospitalization that 
the best interpretation of the transhepatic 
cholangiogram was a form of fibrosing chol- 
angitis rather than diffuse tumor. The problem 
of interpreting extensive areas of narrowing in 
the biliary system is again emphasized in this 
case. 


Case 1x. This 29 year old man presented 
with a 2 day history of nausea, vomiting, and 
right upper quadrant pain. One year earlier he 
had had a cholecystectomy for cholecystitis 
secondary to cholelithiasis. On this admission 
he had marked right upper quadrant tenderness 
with elevated bilirubin and alkaline phospha- 
tase levels. 

A gastrointestinal series showed a large filling 
defect (arrow) in the second part of the duod- 
enum in the region of the ampulla with marked 
mucosal effacement (Fig. 20 and 21). Extrinsic 
pressure was noted along the greater curvature 
of the second part of the duodenum (open 
Fic. 15. Case vi. Percutaneous transhepatic chol- arrow). Percutaneous transhepatic cholan- 


angiogram revealed a complete obstruction Just -siograph revealed a dilated collecting system 
distal to the junction of the right and left hepatic eer spay Ei ) 


ducts (arrow). The appearance of the obstruction x 
favored the diagnosis of tumor. E 





Liver biopsy just before death revealed dif. 
fuse adenocarcinoma of the liver, explaining 
the multiple areas of narrowing in the biliary 
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Fic. 17. Case vrr. Percutaneous transhepatic chol- 
angiography showed a long area of stenosis of the 

Fic. 16. Case vrr. Gastrointestinal series showed a mid common bile duct (arrows) extending to the 

e smooth defect along the lesser curvature of the junction of the right and left hepatic ducts 
antrum. strongly suggesting tumor. 
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without evidence of obstruction at the time of 
the examination (Fig. 22). The differential 
diagnosis included an edematous ampulla of 
Vater secondary to an impacted stone associ- 
ated with pancreatitis versus a tumor of the 
ampulla of Vater. At surgery a hard triangular 
mass measuring 1.5 X2cm. was found involv- 
ing the ampulla of Vater and that part of the 
duodenal wall contiguous with the lateral edge 
of the pancreas. The ampulla appeared to be in 
the center of the tumor. An ulceration of the 
duodenal surface at the site of the tumor was 
demonstrated (Fig. 20 and 21). The tumor also 
involved the paraduodenal lymph nodes. One 
lymph node along the greater curvature of the 
duodenum measured 7X3 cm. (open arrow, 
Fig. 20). Pathologic examination revealed the 
tumor mass to be a carcinoid of the duodenum 
involving the ampulla. 

Here, as in Case v, the cause of the abnormal 
percutaneous transhepatic cholangiogram was 
not clear from the cholangiogram, but rather 
from the gastrointestinal series. The interpre- 
tation of percutaneous cholangiography should 
always have the benefit of the preceding com- 
plete gastrointestinal work-up. If this is not 
practiced, then duodenal disease as a cause of 
biliary obstruction will elude the radiologist. 


Case x. This 41 year old woman was admit- 
ted for treatment of a lower abdominal mass. 
Four months prior to this she had had 2 episodes 





Fic. 18. Case vir. The patient was decompressed via 
a drainage tube placed in the junction of the right 
and left hepatic ducts. When this tube was in- 
jected with contrast material, it was noted that 
the dilatation of the left biliary system (arrow) 
was greater than the right. 


Percutaneous Transhepatic Cholangiography ° 43 





Fic. 19. Case vim. Transhepatic cholangiography 
showed irregular areas of narrowing throughout 
the biliary tree with some dilatation of the distal 
left hepatic duct to a level 1 cm. from the porta 
hepatis (arrow). The common hepatic duct and 
common bile duct were also markedly narrowed. 
Contrast material appeared to flow into the 
duodenum without significant delay. 


of right upper quadrant pain associated with 
transient jaundice. She was told she had hepa- 
titis. On admission her liver was enlarged. Per- 
cutaneous transhepatic cholangiography showed 





Fic. 20. Case 1x. Gastrointestinal series showed a 
large filling defect (arrow) in the second part of the 
duodenum in the region of the ampulla with 
marked mucosal effacement. Extrinsic pressure 
was noted along the grefiter curvature of the sec- 
ond part of the duodenum (open arrow). 





Fic. 21. Case 1x. Close-up view of the second part of 
the duodenum showing the large filling defect 
with marked mucosal effacement. 


partial obstruction of the common hepatic 
duct by a smooth eccentric defect measuring 1 
cm. in length (arrow). The cystic duct and 
gallbladder were never visualized (Fig, 23). 
Only small amounts of contrast material en- 
tered the duodenum. At operation a well local- 
ized tumor mass was obstructing the cystic duct 
and partially obstructing the common duct. 
Biopsy of the area showed a granular cell myo- 
blastoma. This is an uncommon tumor which 
may be encapsulated or, as in most Instances, 
locally infiltrative. Because of the clear local- 
ized involvement (arrow, Fig. 23) and the 
relatively benign nature of the tumor a conser- 
vative procedure was performed. This case 
illustrates the broad range of pathology includ- 
ing relatively benign tumors that can cause 
partial obstruction of the common duct. 


DISCUSSION 


Reviewing the questions usually asked 
of percutaneous transhepatic cholangiog- 
raphy, z.e., is there a mechanical extra- 
hepatic block of the biliary tree, where is 
the extrahepatic block, and finally, what 
18 causing the block,eby far the most effec- 
tively answered question is the first. 


With a well visualized biliary system . 
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following a successful puncture of a duct, 
the interpretation should be correct. How- 
ever, if a duct is not successfully entered 
following several passes of the needle 
through the liver, what then is the proper 
interpretation of a failure to obtain visual- 
ization? There are those who would say 
that in experienced hands the inability to 
puncture a duct probably rules out dilata- 
tion of the ducts due to extrahepatic ob- 
struction or at least makes it so unlikely 
that a conservative approach to the patient 
is indicated. We feel that although more 
often than not this approach is correct for 
the individual situation, it is far too pre- 
sumptive to be safe. We have experienced 
inability to puncture markedly dilated 
ducts in the face of an excellent record of 
successful puncture of the normal undilated 
biliary tree. Our position is that failure to 
visualize the biliary tree by puncture is a 
technical failure, and no reliable informa- 
tion or assumptions should be drawn from 
this result. If this policy is adhered to, 
false diagnosis will not occur. 

The first serious problem we have en- 
countered is in answering the second ques- 
tion: where is the extrahepatic block? In 





Fic. 22. Case 1x. Percutaneous transhepatic chol- 
angiography revealed a dilated collecting system 
without evidence of obstruction at the time of the 
examination. 
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the majority of cases the contrast material 
will fill the ducts to the most distal point 
of block and there create a typical defect 
that will suggest a specific diagnosis. Only 
in cases of complete block of the biliary 
tree is there a problem in interpretation 
of the percutaneous transhepatic chol- 
angiogram. Incompletely blocked ducts 
show consistently accurate localization of 
the lesion. Perhaps the diagnostic clue is a 
hazy interface of contrast material which 
indicates diffusion of contrast medium 
through densely inspissated bile. This 1s 
illustrated by Cases 1, 1, and v in which 
contrast material failed to pass far enough 
to accurately identify the point of pathol- 
ogy. In Case 1 a block close to the porta 
hepatis was suggested. At operation the 
block in the distal common duct was Just 
proximal to the ampulla of Vater. Dense 
inspissated bile prevented the contrast ma- 
terial from filtering through to the true 
point of block. Better and more complete 
aspiration of the biliary tree is the answer 
as indicated above. 

This leads to the necessity to make cer- 
tain choices. Some of our surgeons in the 
past have held that a more peripheral en- 
trance into the biliary system, specifically 
intrahepatic in position, helps to minimize 
bile leakage, since liver parenchyma natu- 
rally tends to tamponade the potential leak- 
age site. However, aspiration of the com 
mon bile duct from a small peripheral 
radicle is difficult. We feel that direct en- 
trance into the central biliary system or 
main common duct has presented no prob- 
lem in either the nonobstructed patient 
who returns to his bed without a laparot- 
omy or the obstructed patient who is im- 
mediately operated upon. A more central 
puncture site allows for a better localization 
of the block and, therefore, a more reliable 
percutaneous transhepatic cholangiogram. 

Case 11 again suggested high porta hepa- 
tic block. The needle was clearly in the 
peripheral left hepatic radicles and decom- 
pression was limited. A small pancreatic 
carcinoma involving only the most distal 
duct was found. In Case v the pathology 
was identified on a gastrointestinal series 
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Fic. 23. Case x. Percutaneous transhepatic chol- 
angiography showed partial obstruction of the 
common hepatic duct by a smooth eccentric de- 
fect measuring I cm. in length (arrow). The cystic 
duct and gallbladder were never visualized. Only 
a small amount of contrast medium entered the 
duodenum. 


as a large lesser curvature ulcer of the du- 
odenal sweep at the level of the ampulla of 
Vater. The percutaneous transhepatic chol- 
angiogram demonstrated a mid-duct ob- 
struction. At operation local pathology in 
the duodenal wall and ampulla was the 
only finding. The need for proper aspiration 
of the biliary tree is well established by the 
above 3 cases. Attention paid to a more 
central needle puncture site will attain bet- 
ter filling and localization. 

A second point can be stressed in evalu- 
ating the level of block. All appropriate 
preliminary studies should be performed 
and be utilized during percutaneous trans- 
hepatic cholangiogram interpretation. A 
complete roentgenologic study of the gas- 
trointestinal tract ghould be performed 
prior to transhepatic cholangiography. In 
Case v the roentgenologic diagnosis of ul- 
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cerating carcinoma involving the third 
part of the duodenum, and in Case 1x a 
large filling defect in the second part of the 
duodenum which was a carcinoid were 
clearly identified by gastrointestinal series 
while definite problems arose on trans- 
hepatic cholangiography in interpreting 
the site of block in Case v and even as to 
whether significant block was present at 
the time of examination in Case rx. These 
lesions demonstrated by gastrointestinal 
series at the ampulla of Vater clearly 
identify the level of the problem in the 
biliary tree. In fact, the gastrointestinal 
series was in both cases the most direct 
way of establishing the cause of jaundice. 

The most difficult problem is deciding 
the etiology of the block solely from the 
roentgenologic appearance of the blocked 
biliary system. As we have seen demon- 
strated in the above cases, stones should 
look fairly characteristic, but can create 
irregular defects suggestive of tumor or 
stricture secondary to long standing chole- 
docholithiasis. Narrowing of the ducts is 
a nonspecific finding. Attempts to resolve 
this by combining percutaneous trans- 
hepatic cholangiography with selective 
visceral angiography have enjoyed con- 
siderable — success.!:2/6:8—10 Angiographic 
demonstration of a well circumscribed mass 
of tumor vessels at, or just distal to, the 
site of occlusion or narrowing seen on per- 
cutaneous transhepatic cholangiogram 
tends to establish tumor in that case. Angi- 
ography in this type of case may reveal the 
extent of the tumor growth and liver me- 
tastasis if present. However, absence of 
tumor vessels is less helpful since the many 
benign diseases mentioned in the above 
cases and avascular malignant tumors can 
show strikingly few angiographic findings. 
Gastrointestinal series may be diagnostic 
in certain cases by defining pathology of 
the duodenum or the ampulla of Vater. 


Richard D. Kittredge, M.D. 
Department of Radiology 
St. Luke’s Hospital Center 
421 West 113th Street i 
New York, New York 10025 
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GRAY SCALE ULTRASOUND DIAGNOSIS OF 
OBSTRUCTIVE BILIARY DISEASE* 


By LAWRENCE B. STONE, M.D., JOSEPH T. FERRUCCI, Jr., M.D., 
ANDREW L. WARSHAW, M.D., JACK WITTENBERG, M.D., and 
MARILYN SLUTSKY, R.T. 

BOSTON, MASSACHUSETTS 


ABSTRACT: 


B-mode ultrasound examinations have been useful in demonstrating cholelithiasis 
and obstructive dilatation of the gallbladder. It is now possible with gray scale 
ultrasound technique to demonstrate dilatation of the common bile duct, as differ- 
entiated from the gallbladder, and also to show fluid containing spaces within the 
liver. Discrimination between solid and fluid filled intrahepatic structures is readily 
made, and dilated biliary radicles are frequently discernible. 


Te clinical applications of B-mode 
ultrasound examination of the gall- 
bladder, “cholecystosonography,” have been 
recently documented by several investiga- 
tors.!—4 Cholelithiasis has been demon- 
strated in patients with nonvisualization at 
oral cholecystography, and obstructive di- 
latation of the gallbladder—the Courvoisier 
phenomenon—has been identified when hy- 
perbilirubinemia precluded conventional 
intravenous cholangiography. First Lehman? 
and later Suruga eż al. discussed the pos- 
sibility of recognizing biliary duct dilata- 
tion by B-mode ultrasound. Recently, us- 
ing a specially constructed device for liver 
scanning, Taylor and others®” were success- 
ful in demonstrating intrahepatic abnor- 
mality. To date these findings have not 
been demonstrated with commercially avail- 
able ultrasound equipment capable of total 
abdominal evaluation. This report de- 
scribes the appearance of obstructive ec- 
tasia of intra- and extrahepatic biliary 
ducts by gray scale ultrasound technique. 


MATERIAL AND METHOD 


Studies were performed with an ultra- 
sound unit using a 13 mm., 2.25 mHz 
barium titanite nonfocused transducer. The 
wave length at this frequency is 0.75 mm. 
Contact scanning in the axial plane was 
performed using a water soluble aqueous gel 


as a coupling agent. Gray scale images were 
recorded on a non-storage oscilloscope. In 
the latter instance, the image was photo- 
graphed as a time exposure. Scanning tech- 
nique was an exaggerated sectoring motion 
in which the probe is maintained tangen- 
tially to the abdominal wall and moved in 
a continuously sweeping arc. This method 
provides a display of greater dynamic range 
which is more directly dependent upon the 
strength of echo return than conventional 
leading edge storage techniques. Each echo 
is demonstrated as a brightness modulated 
spot of variable intensity dependent upon 
actual reflected amplitude at varying tissue 
interfaces. Approximately 5 intermediate 
shades of gray can be recognized by this 
method. 


REPORT OF CASES 


Case 1. A 74 year old female entered the hos- 
pital with a chief complaint of abdominal pain. 
Thirteen years prior to admission cholecys- 
tectomy and common duct exploration were 
performed for cholecystitis and cholelithiasis. 
In recent months episodes of increasingly se- 
vere pain occurred at frequent intervals ac- 
companied by jaundice and dark urine. Physical 
examination on admission was not revealing. 
Laboratory studies disclosed an alkaline phos- 
phatase level of 13.7 Bodansky units (normal 
2.0-4.5 Bodansky units). The bilirubin was 
normal. Ultrasound examination was per- 
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Fic. 1. Case 1. (4) Transverse gray scale section at 
level of porta hepatis disclosing a round echo-free 
space representing the dilated common duct. (B) 
High gain leading edge section 3 cm. below (4) 
revealing a single linear echo within the dilated 
duct. 


formed to exclude associated pancreatic ab- 
normality. This revealed a dilated common duct 
containing a large calculus (Fig. 1, 4 and B). 
Intravenous cholangiography disclosed a 1 
cm. common duct stone (Fig. 2). At explora- 
tion the calculus was removed and a choledo- 
choduodenostomy performed. 


Case 11. A 70 year old male entered the hos- 
pital with a chief complaint of severe low back 
pain. Approximately I year prior to admission 
an operation was performed at another hos- 
pital for jaundice at which time an apparently 
obstructed common bile duct was found and 
bypassed. A poorly defined mass was palpated 
during that procedure but a biopsy was not 
obtained. The patient did well following hos- 
pitalization until 3 months prior to this ad- 
mission when the onset of back pain became 
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severe. Jaundice recurred, and intermittent 
temperature elevation was noted. Physical 
examination disclosed a grossly jaundiced, 
chronically ill man in no acute distress. Ab- 
dominal examination revealed a tender, en- 
larged liver without other abnormality. The 
direct bilirubin was 17 mg. per cent with an 
alkaline phosphatase level of 15.3 Bodansky 
units and an amylase level of 2.0 units. The 
white blood cell count was 26,000 with 95 per 
cent polys and 5 per cent band forms. Blood 
cultures were positive on 3 occasions for Æ. 
coli species. An abdominal ultrasound examina- 
tion indicated the presence of a large irregular 
solid mass in the head of the pancreas. In addi- 
tion, well-defined small ductal structures were 
noted to occupy a significant portion of the 
right lobe of the liver (Fig. 3). A diagnosis of 
obstructive jaundice and cholangitis secondary 
to carcinoma of the pancreas was made. Treat- 
ment with appropriate antibiotics was initiated, 
but, prior to anticipated bypass surgery, the 
patient expired. 

At necropsy a large carcinoma of the head of 
the pancreas causing common duct obstruction 
was found. The liver was enlarged and con- 





Case 1. Intravenous cholangiogram. Tomo- 


Fic, 2. 
graphic section demonstrating marked common 
duct dilatation with a single large radiolucent 
calculus. 
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tained grossly ectatic biliary radicles measur- 
ing 0.5—O.1 cm. in diameter. 


DISCUSSION 


Ultrasound examination in Case 1 dis- 
closed a distinct 3.5 cm. cystic structure 
with sharply defined margins located within 
the hepatic parenchyma. The round tran- 
sonic space having the appearance of a di- 
lated duct in cross-section appears more 
laterally placed than the usually observed 
gallbladder echo. 

Differentiation of anatomic structures 
within the porta hepatis (¢.g., portal vein, 
common bile duct, hepatic artery) may be 
difficult to elucidate inasmuch as they are 
in close relation. This is complicated by the 
fact that the gallbladder is a highly variable 
organ both in location and morphology. 
Certain features, however, aid in discrimi- 
nation and warrant further comment. The 
echotomographic appearance of the gall- 
bladder is that of a more medially placed 
structure having an oblique axis towards 
the midline in the sagittal plane. The di- 
lated ductus choledochus noted above does 
not exhibit this orientation and in fact 
follows an oblique axis away from the mid- 
line in the sagittal plane. In addition, this 
structure does not appear to manifest an 
interface with the inferior margin of the 





Fic. 3. Case 11. Gray scale transverse section of the 
upper abdomen revealing an irregular solid pan- 
creatic mass and multiple oval transonic spaces 
within the liver indicative of dilated bile ducts. 
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Fic. 4. Gray scale transverse section of the right 
upper abdominal quadrant revealing an elliptical 
echo-free space representing an enlarged gall- 
bladder. The transonic crescentic space separating 
liver from abdominal wall is produced by ascitic 


fluid. 


liver. This latter factor has not been pre- 
viously stressed, but has been of use in 
identification. Figure 4 is an axial section of 
the typical appearance of the gallbladder 
utilizing the gray scale technique. Here it IS 
noted as a cystic oval mass “suspended”? 
from the inferior margin of the liver in 
which the usual hepatic internal echoes are 
noted. The appearance of both liver and 
gallbladder are accentuated in this instance 
by the presence of ascitic fluid. Differentia- 
tion from primary intrahepatic fluid with 
abnormalities such as hematoma or abscess 
can be made on the basis of the lack of ad- 
jacent hepatic parenchymal compression 
echoes and the presence of a very smooth, 
well-defined, regular margin of the duct 
itself. 

Case 11 is an illustration of the appear- 
ance of dilated intrahepatic biliary ducts. 
This clearly indicates that the degree of in- 
trahepatic biliary ectasia does not have to 
be as extensive as noted in the prior ex- 
ample of a dilated common duct. As seen in 
Figure 3, multiple small intrahepatic ducts 
were defined which ranged in size from 0.75 
to 1.0 cm. This approached the limit of 
resolution obtainable with the 2.25 mHz 
crystal used at that time. The image readily 
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discriminates between the low amplitude 
gray echoes which are produced by the 
solid lesion of the pancreas and the rather 
bright, higher amplitude echoes at the duct 
interfaces. This difference is the result of a 
greater change in acoustic impedance which 
occurs between fluid-soft tissue boundaries. 

The above examples indicate that fluid 
containing intrahepatic pathology can be 
clearly resolved by gray scale ultrasound 
technique. In part, this is due to the fact 
that a gray scale liver scan can generally 
be completed within one pass of the trans- 
ducer. This in itself prevents the consider- 
able degradation of resolution of the he- 
patic image caused by multiple scan paths 
and respiratory variation which accompany 
the production of a leading edge ultrasound 
scan. The greater range of decibel informa- 
tion produced by this method directs more 
visual information to the observer. This 
usually allows discrimination of fluid from 
solid lesions without sequential gain changes. 
In addition, the quality of the image is im- 
proved by the intrinsically smaller spot 
size utilized by the non-storage oscillo- 
scope. These factors can be readily ap- 
preciated by comparison of the storage os- 
cilloscope image seen in Figure 1B with any 
of the gray scale examinations reproduced 
in this communication. 

Although reported experience of gray 
scale hepatic scanning is at the moment 
limited, these early studies seem to indicate 
that it is not an unusual circumstance to 
observe ectatic biliary radicles in the pres- 
ence of obstructive jaundice. In part, this 
is a manifestation of the substantial intra- 
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hepatic mass effect which may be produced 
by the decompensated intrahepatic biliary 
tree as demonstrated by other less specific 
imaging techniques such as technetium 
liver scanning. Recognition that this space 
occupying lesion can be resolved in pa- 
tients with obstructive disease should war- 
rant more frequent search for its presence; 
as frequently, an etiologic diagnosis can 
also be rendered by this non-invasive 
modality. 


Lawrence B. Stone, M.D. 
Department of Radiology 
Massachusetts General Hospital 
Boston, Massachusetts 02114 
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HEPATIC ECHOGRAPHY* 


By GUY HEBERT, M.D., and CLAUDE GELINAS, M.D. 


MONTREAL, QUEBEC, CANADA 


ABSTRACT: 


There are 2 kinds of echographic investigations: those which are only comple- 
mentary and those which are specific by themselves. To improve this latter category, 
we would like to emphasize two useful echographic signs. First, the attenuation sign, 
which indicates the fibrotic nature, therefore practically speaking, the cirrhotic na- 
ture of a diffuse echogenic pattern. Secondly, the posterior echo accumulation sign, 
which indicates the liquid nature, and therefore in general the cystic nature of a 


localized sonolucent pattern. 


INCE the first reports of Holmes,” 

Lehman,” and Freimanis eż a/.,> the ab- 
dominal echographic investigation has been 
gradually accepted as a valuable diagnostic 
method. However, there are relatively few 
publications pertaining to upper abdominal 
lesions. We have found that the echo- 
graphic investigation of the liver is usually 
a complementary study, but that it may 
sometimes be very specific and quite diag- 
nostic by itself. 


METHOD 


The examinations are performed with a 
2 mHz transducer, embedded in a contact 
scanner. The patient needs no special 
preparation, and lies in a supine position. 
His abdomen is covered with an oily ma- 
terial to assure proper sonic transmission. 
The views are recorded while the patient 
holds his breath in deep inspiration, to 
avoid superimposition of ribs, as much as 
possible. Sometimes, subcostal views with 
a cephalad angled probe may be necessary. 


THE NORMAL LIVER 


The normal liver is an echo-free struc- 
ture, at low to moderate sensitivity levels, 
and it becomes echogenic only at high sensi- 
tivity levels. In other words, a normal liver 
is sonolucent at usual sensitivity levels 
(Fig. 1). This anechoic character comes 
from the fact that the normal liver paren- 
chyma is homogeneous, so it harbors almost 


no interfaces reflecting echoes. The only 
exceptions, at usual sensitivity levels, to 
this anechoic character come from the 
capsule and the hilus, which structures 
constitute highly reflecting interfaces. 


THE PATHOLOGIC LIVER 


Cirrhosis. The outstanding characteristic 
of a cirrhotic liver is its great echogenicity, 
even at low sensitivity levels (Fig. 2). 
This occurs because such a partially ne- 
crotic and partially regenerating liver is no 
longer homogeneous but contains many 
interfaces for reflection. 

A further characteristic of a cirrhotic 
liver is the miliary phenomenon (Fig. 2), 
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Fic. 1. Transverse section of a normal liver, at mod- 
erate sensitivity. The liver is seen as an anechoic 
area. The only exceptions are the capsule at the 
periphery and the hilus (arrow) centrally, in front 
of the vertebral column (V). 


* From the Department of Radiology, Notre-Dame Hospital, Montreal, Quebec, Canada. 
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Fic. 2. Transverse section of a cirrhotic liver, at low 
sensitivity. The liver is now seen as an echogenic 
area, and the echoes are diffusely scattered. 


where the echoes recorded are fine and dif- 
fusely scattered, without any tendency for 
particular grouping. The explanation of 
this miliary phenomenon is simply the 
generalized aspect of the cirrhotic process. 

The cirrhotic liver may display a third 
sign, the ascitic sign. This is seen as an ab- 
solutely sonolucent area anteroinferior to 
the liver (Fig. 3), even at high sensitivity, 
representing fluid which has no interfaces 
to reflect the ultrasound beam. Such a 
sonolucent ascitic area must be distin- 
guished from the sonolucent band very 
often seen coming from the subcutaneous 
fat. The distinction is easily made by con- 
sidering these 3 criteria: (1) The ascitic 


i ae 


> ee 


- 






Bia ar a tso enaa = 
Fic. 3. Longitudinal section of a cirrhotic liver. The 
absolutely sonolucent area (A) anteroinferior to 
e the liver tip (arrow) represents the ascites (caudal 


is left). 








SEPTEMBER, 1975 


band is absolutely sonolucent, while the 
subcutaneous fat band becomes echogenic 
at high sensitivity (Fig. 4, 4 and B). 
(2) In the dorsal recumbent position, the 
ascitic band widens inferiorly, while the 
subcutaneous fat band maintains its width 
(Fig. 4, 4 and B). (3) The width of an 
ascitic band will vary according to the pä- 
tient’s position, while the width of a sub- 
cutaneous fat band will not change (Fig. 7 
A and B). 

Finally, there is another possible sign 
with cirrhosis, the attenuation sign. This 
sign, when present, means that the echoes 
are found mostly in the superficial parts of 
the liver, while the deepest portions seem 
to be less echogenic (Fig. 6, 4 and B). This 
has a double explanation. First, the great 
heterogeneity of cirrhotic livers, by creating 


Fic. 4. Transverse sections of an ascitic abdomen, in 
dorsal recumbent position, at low (4) and high 
(B) sensitivity, displaying both the subcutaneous 
fat band (f) and an ascitic area (A). In contrast 
to the subcutaneous fat band, the ascitic area 
widens inferiorly and resists the gain increase. 
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many reflecting interfaces, prevents good 
transmission of the beam toward the deep- 
est portions. Secondly, the fibrosis of ad- 
vanced cirrhosis greatly absorbs the beam 
and also prevents good transmission of the 
beam toward the deepest portions. Thus, 
the attenuation sign, being partially due to 
fibrosis, is a sign of severity, and when 
present means that we are dealing with an 
advanced stage of cirrhosis. 

Myeloid Metaplasia. The echographic 
appearance of this infrequent liver disease 
resembles mild cirrhosis with no fibrosis. 
Thus, the echographic signs are a great 
echogenicity and a miliary phenomenon, 
but a negative attenuation sign (Fig. 7). 
The great echogenicity again comes from 
the heterogeneity of the liver, where hema- 
topoietic foci give many reflecting inter- 
faces, seen even at low sensitivity. The 
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Fic. 5. Transverse sections of an ascitic abdomen in 
left posterior oblique recumbent (4) and right 
posterior oblique recumbent (B) positions. These 
sections display that ascites (A), in contrast to the 
subcutaneous fat band (F), is mobile. 
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Fic. 6. Transverse sections of a cirrhotic liver in 
dorsal recumbent (4) and right posterior oblique 
recumbent (B) positions. The sonolucent band at 
the periphery represents subcutaneous fat: it does 
not widen inferiorly and does not shift. The liver 
itself displays a positive attenuation sign: the 
deepest portions seem to be less echogenic than 
the superficial. 






miliary phenomenon is again due to the 
generalized aspect of the process. Finally, 
the negative attenuation sign means that 
the deepest parts are easily explored by the 
ultrasound beam, even at low sensitivity. 
This is mainly explained by the low density 
of such a nonfibrosing process, therefore 
less absorbing for the ultrasound energy 
which easily reaches and discloses the echo- 
genicity of the deepest portions. 

Liver Carcinomatosis. In liver carcino- 
matosis, there are two kinds of echographic 
patterns: the miliary and the nodular. The 
first consists of many diffusely scattered 
echoes and corresponds to an extensive in- 
volvement (Fig. 8). Unfortunately, this 
pattern is not specific and resembles the 





Fic. 7. Transverse echographic section of a liver with 
myeloid metaplasia. The pattern is echogenic and 
miliary. The attenuation sign is negative: the 
echoes are found equally in the superficial and in 
the deep portions of the liver (V: vertebra). 


one we have seen for cirrhosis and myeloid 
metaplasia. 

The second pattern for carcinomatosis is 
nodular where the echoes are no longer dif- 
fusely scattered, but show a tendency for 
particular groupings. Two kinds of nodule 
can be seen. The first is echogenic, seen as 
a localized accumulation of echoes (Fig. 9, 
4 and B). This pattern is obtained from 
heterogeneous metastasis which, being ne- 
crotic, contains many interfaces reflecting 
the ultrasounds. 

The second kind of metastatic nodule is 
sonolucent and appears as a ringlike struc- 





Fic. 8. Transverse section of a metastatic liver, 
showing the miliary pattern of carcinomatosis: 
the pattern is echogenic, and the echoes are dif- 
_fusely scattered (V: vertebra). 
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ture. This ringlike pattern is produced by 
metastasis, the texture of which is rather 
homogeneous, so that there are almost no 
interfaces reflecting the ultrasound in echoes 
(Fig. 10). Such a ringlike pattern for metas- 
tasis must be differentiated from simple 
cystic disease. This is done by increasing 
the gain setting. When the gain is in- 
creased, the ringlike patterns produced by 
metastasis gradually fill in with echoes, 
while fluid-filled cysts, which are homoge- 
neous, resist a gain increase. This is shown 
in Figure 11. 

Hepatoma. The echographic appearance 
of this disease is shown in Figure 12. 
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Fic. 9. (4) Transverse section of a liver with me- 
tastases showing the echogenic nodular pattern of 
carcinomatosis: the lesions (arrows) are spontane- 
ously seen, at low sensitivity, as localized accumu- 
lations of echoes (V: vertebra). (B) Longitudinal 
section showing the echogenic nodular pattern of 
carcinomatosis: the lesions (arrows) are spon- 
taneously seen again as localized accumulations of 
echoes (C: caudal end). 
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Hepatoma presents as an echogenic mass 
with ill-defined contours. The echogenicity 
is due to its necrotic and hemorrhagic char- 
acteristics producing many reflecting inter- 
faces, while the ill-defined contours are a 
manifestation of the invading aspect of 
such a pathology. 

Multicystic Liver. The echographic pic- 
ture of any cystic process rests on 3 signs. 
The first is a great sonolucency. Cysts are 
anechoic structures, even when the gain 
setting is increased (Fig. 13). This sono- 
lucency comes from the fact that the liquid 
content gives to cysts a homogeneous, in- 
terface-free, internal structure. 

The second echographic sign is a sharp 
boundary. Cysts have typical, precise con- 
tours which come from the great impedance 
difference between their walls and the sur- 
rounding tissues on the one hand and their 
fluid content on the other hand (Fig. 13). 
Finally, cysts classically display a positive 
posterior echo accumulation sign. The lat- 
ter is explained by the fact that liquids, as 
opposed to solids, do not attenuate the 
ultrasound beam. Thus the beam is strongly 
reflected by the interfaces beyond the cyst 
(Fig. 13 and 14). 


DIFFERENTIAL ECHOGRAPHIC APPROACH 


By utilizing all the signs described pre- 


Fic. 10. Transverse section of a metastatic liver 
showing the sonolucent nodular pattern of car- 
cinomatosis: the lesions appear as ringlike areas 
(arrows) particularly in the pre-aortic area (A: 
aorta, V: vertebra). 
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Fic. 11. When the gain is increased (upper section), 
the ringlike patterns coming from metastasis do 
not keep their sonolucency, while the ringlike 
pattern coming from the aorta (a), a fluid filled 
structure, resists and keeps its sonolucency. 


viously, it is possible to build a synthetic 
differential echographic approach to the 
liver pathology. For this approach, we sim- 
ply divide the echographic patterns into 
diffuse or localized, and each of these pat- 
terns may be echogenic or sonolucent. This 
creates 4 categories. 

Diffuse Echogenic Presentation. In this 
first category (Table 1), the type of dis- 
tribution is important. If it is nodular, it 
means that the diffuse heterogeneous in- 
volvement we are dealing with is coarse, 
and in these circumstances, carcinomatosis 
must be considered. On the other hand, if 
the diffuse heterogeneous involvement is of 
the miliary type, we are left with many 
possibilities including cirrhosis, extensive 
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Fic. 12. Longitudinal section of the liver tip where a 
hepatoma is seen as an echogenic mass (arrow- 
heads) with ill-defined contours (C: caudal end). 


carcinomatosis, hepatitis, storage diseases, 
and myeloid metaplasia. But these numer- 
ous possibilities can be divided into 2 
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Fic. 13. Transverse sections of a huge simple biliary 
cyst. The sonolucency resists the gain increase 
(upper section). Its contours are sharp. There is a 
e positive posterior echg accumulation sign (A). 
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groups by the useful attenuation sign, 
which, when positive, indicates fibrosis, and 
circumscribes the diagnosis strongly in 
favor of moderate to advanced cirrhosis. 
Diffuse Initially Sonolucent (ringlike) 
Presentation. In this second category (Table 
1), we consider whether the ringlike struc- 
tures we have represent homogeneous or 
only pseudohomogeneous lesions. This is 
done by increasing the gain. If the ringlike 
patterns do not persist, the lesions are only 
pseudohomogeneous, and carcinomatosis 
is to be considered. On the other hand, if 
the ringlike patterns resist a gain increase 
we have true homogeneous lesions, and a 
multicystic liver disease is present. 
Localized Echogenic Presentation. In this 
third category (Table 11), we are deal- 
ing with a single heterogeneous process. 
Such a presentation is, in most instances, a 
malignant one, and represents either a 
hepatoma or a single necrotic metastasis. 
Localized Initially Sonolucent (ringlike) 
Presentation. In this last category (Table 
11), we determine if the initial sonolucency 
resists a gain increase. If it does not, then 
the localized lesion is a pseudohomogeneous 
one, and we consider either an abscess with 
necrotic fragments or a single metastasis. 
On the other hand, if the initial sonolu- 
cency remains despite a gain increase, we 
can conclude that the lesion is truly homo- 





Fic. 14. Subcostal oblique section of a multicystic 
liver, at high sensitivity, illustrating 2 cysts (ar- 
rows) appearing as absolutely sonolucent areas, 
with echoes accumulating posteriorly, 
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TABLE | 


DIFFUSE PATTERNS 





Advanced Cirrhosis 


Positive 
Attenuation 
Sign 
Congenital Fibrosis 
Mild Cirrhosis 
Negative Carcinomatosis 
Attenuation Hepatitis 
Sign Storage Disease 


Myeloid Metaplasia 


— Carcinomatosis 


Filling in with Echoes 
with Sensitivity Increase ———————————>> Carcinomatosis 


Miliary 
Echogenic 
Diffuse 
Pattern 
Nodular 
Initially 
Sonolucent 


Remaining Sonolucent 
with Sensitivity Increase ——————————_> Multicystic Liver 


geneous, and is, for practical purposes, 
liquid. But a further test is available, and 
we use the posterior echo accumulation sign 
to discriminate between a liquid lesion and 
a homogeneous solid lesion. 


If this last sign is negative, that is, if 


there is no echo accumulation posteriorly, 
it means that the very homogeneous lesion 
we are dealing with is also an absorbing one 





for the beam, and thus a solid one. The 
diagnosis to propose in this instance Is a 
homogeneous and solid lesion such as an 
adenoma or a fibroma. On the other hand, 
if the posterior echo accumulation sign is 
positive, that is, if there is echo accumula- 
tion posteriorly, it means that the homoge- 
neous lesion we are dealing with is also non- 
absorbing for the beam, and thus liquid. 
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TABLE II 
LOCALIZED PATTERNS 


_20 


| Hepatoma 


E ch og eni c ——————— 


Filling in with Echoes 
with Sensitivity Increase 


Single Necrotic Metastasis 


Abscess With Necrotic Fragments 


Single Rather Homogeneous Metastasis 


Localized 
Pattern Adenoma 
Negative 
Posterior Echo 
Initially Accumulation Sign 
Sonolucent Fibroma 
Remaining Sonolucent 
with Sensitivity i 
Increase R 
Positive 
Posterior Echo Simple Cyst 


Accumulation Sign 


aaO 


The diagnosis is then a fluid filled cystic 
lesion. 


Guy Hébert, M.D. 
Notre-Dame Hospital 
1560 Sherbrooke East 
Montreal H2L 4M1 
Quebec, Canada 
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EVALUATION OF PELVIC MASSES DURING 
INFUSION EXCRETORY UROGRAPHY* 


By THOMAS J. IMRAY, M.D. 


MILWAUKEE, WISCONSIN 


ABSTRACT: 


Infusion excretory urography not only clearly deline 
tures, but provides additional information 
Benign uterine fibroids show contrast enh 


whereas endometrial and cervical m 
mixed ovarian neoplasms show rim 


the type of pelvic mass present. 


URING the past 18 months at this in- 

stitution, infusion urography has been 
performed routinely in all nonhypertensive 
adult excretory urograms. Definite opac- 
ification of both normal pelvic structures 
and pelvic masses was noted, prompting 
the review of all available infusion uro- 
grams in females with surgically and patho- 
logically documented pelvic masses. Uterine 
fibroids gave a rather typical solid to mot- 
tled opacification. Cystic ovarian tumors 
showed an opacified rim following infusion 
of contrast medium, whereas solid ovarian 
lesions often showed a mottled opacifica- 
tion. 


MATERIAL AND METHOD 


For the past 18 months at this institu- 
tion, infusion excretory urography has been 
the rcutine mode of adult urinary tract 
examination. All infusion urograms are 
monitored and individualized according to 
the problems encountered, although a 
minimum routine filming sequence is fol- 
lowed in all patients. 

e Following preliminary roentgenograms 


* From the Department of Radiology, The Medical College of Wisconsin, Milwaukee, 
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ates the urinary tract struc- 
about the type of pelvic mass present. 


ancement in a significant number of cases, 
alignancies give no specific pattern. Cystic and 
opacific 
the presence of this rim sign points strongly 
of solid ovarian tumors cannot be differenti 
other identifying features such as specific c 
uterus are present. Pelvic inflammatory disease shows no specific ty 
tion. Excretory urography is part of the preoperative ev 
with pelvic mass lesions. By utilizing the infusion metho 
urograms are obtained, and, in addition, helpful inform 


ation in over so per cent of cases, and 
to an ovarian lesion. The opacification 
ated from that of uterine fibroids unless 
alcification or visualization of a normal 
pe of opacifica- 
aluation in most patients 
d, high quality excretory 
ation is obtained regarding 


of the abdomen, a dose of 300 cc. of com- 
mercially prepared 30 per cent Methyl- 
glucamine diatrizoate is infused via a 19 
gauge needle. A film localized to the kid- 
neys 1s obtained at 5 minutes, and a roent- 
genogram of the entire abdomen is ob- 
tained at 10 minutes after the beginning of 
infusion (usually the time required to 
complete the infusion). From that point on, 
we tailor all studies, obtaining oblique, 
upright, coned and tomographic films as 
indicated. A final prone roentgenogram is 
routine at the completion of the examina- 
tion. 

Records and roentgenograms of 126 pa- 
tients with proved pelvic masses were re- 
viewed. Of these patients, 80 had sufficient 
preoperative information available to qual- 
ify for this study. Patients suspected of 
renovascular hypertension were not in- 
cluded in this study. All infusion urograms 
were reviewed regarding: (1) the roent- 
genographic presence or absence of a 
pelvic mass; (2) the presence of contrast 
enhancement; and (3) the type of opacifi- 
cation noted. 


Wisconsin. 
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TABLE I 
SS wa osc os es 
j i No 
No. Rim Solid or Mottled Otia 
pacification 

a i a 
Uterine Tumors 

A. Leiomyomata 47 O 40 (85 per cent) 7 

B. Endometrial Neoplasm 6 O I 5 

C. Carcinoma of Cervix 3 O O 3 
Ovarian Tumors 

A. Cystic 10 5 (50 per cent) Oo 5 

B. Mixed (cystic and solid) 4 3 (75 per cent) I I 

C. Solid 6 O 3 (50 per cent) 3 
Pelvic Inflammatory Disease 6 I I 4 





RESULTS 

The 80 cases reviewed were divided into 
3 major categories: uterine tumors; ovarian 
tumors; and pelvic inflammatory disease. 
The presence of contrast enhancement and 
the type of opacification obtained were 
tabulated for each group (Table 1). 

Forty-seven cases with uterine leiomyo- 
mata were studied. None showed rim 
opacification. Forty showed definite con- 
trast enhancement, with either a solid or 
mottled appearance (Fig. 1, Æ and 8). 
Seven cases with uterine fibroids showed 
no opacification. In 4 these fibroids were 
quite small, and no soft tissue mass except 
an apparently normal uterus could be 
identified. Two others had large, densely 
calcified uterine fibroids, and no opacifica- 
tion could be detected, possibly because of 
the presence of calcium. A total of 10 of 
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Fic. 1. (4) Preliminary roentgenogram showing a pelvic soft tissue mass in a 33 year ol 


TT 


the 47 cases had uterine fibroids containing 
calcifications, which varied from focal 
punctate calcifications to dense calcifica- 
tion of the entire fibroid. Even in the 
presence of calcification, contrast enhance- 
ment could be detected in 8 cases. Fre- 
quently, margins of the uterine fibroids 
were better delineated allowing determina- 
tion of actual size. 

Uterine malignancies showed opacifica- 
tion in only 1 of the 6 cases reviewed. This 
patient had a large endometrial carcinoma 
which had caused moderate enlargement 
of the uterus. The tumor extended through 
the uterine wall to involve several adjacent 
loops of small bowel with fistula formation. 
The mass showed mottled opacification 
and was roentgenographically identical to 
the contrast enhancement seen in many 
cases of uterine leiomyomata. 





d female. (B) Ten 


minutes after infusion there is homogeneous opacification of the pelvic mass. An in@rauterine contraceptive 
device is present. Pathologic diagnosis was multiple uterine leiomyomata. 
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Fic. 2. (4) Preliminary roentgenogram showing a soft tissue mass clearly separate from the bladder in a 21 
year old female. (B) Twenty minutes after infusion there is definite opacification of the cyst wall (arrows). 
Pathologic diagnosis was mucinous cystadenoma, right ovary. 


Of the 4 cases of carcinoma of the cervix 
reviewed, 1 showed opacification of a 
roentgenographically normal uterus. No 
abnormal opacification could be detected. 

Ovarian tumors are divided into 3 
groups according to their gross pathologic 
characteristics: (1) cystic, (2) solid, and 
(3) mixed (i.e., those tumors having both 
cystic and solid elements). 

A total of 20 ovarian masses was stud- 
ied, 10 of which were cystic. Fifty per cent 
of these cystic ovarian tumors showed 
definite contrast enhancement of the cyst 
wall during infusion urography (Fig. 2, 
A and B). In 1 of these lesions, a multilocu- 
lar cystic malignant teratoma, the septa 
were enhanced by contrast in addition to 
the cyst wall (Fig. 3, 4 and B). Another 
cystic ovarian tumor occurred in associa- 
tion with a myomatous uterus. The pre- 
liminary film revealed a single large pelvic 
mass, eccentric in configuration, but homo- 
geneous in density. However, the infusion 
urogram showed definite contrast enhance- 
ment of the myomatous mass which could 
be clearly separated from the cystic ovarian 
tumor. One of the cystic tumors that did 
not show contrast enhancement was a 
dermoid cyst. This tumor contained no 

e calcium, but the radiolucent characteristic 
of the cyst contents could be appreciated 


on the preliminary study. The cyst wall ap- 
peared radiopaque, lying between the fatty 
cyst fluid and the fat covering other ad- 
jacent pelvic structures. The cyst wall was 
clearly visible both before and after infu- 
sion. Since no definite change could be de- 
tected, this case was rated as no enhance- 
ment. Of the remaining 4 cases of cystic 
ovarian tumors that did not show opacifi- 
cation of the cyst wall, one which was later 
revealed to be a small (3 cm. in its greatest 
diameter) serous cystadenoma showed no 
mass on any study. In the other 3, the 
cystic ovarian tumors could be identified, 
but no cyst wall opacification could be de- 
tected. 

Six solid ovarian tumors were encoun- 
tered; none showed rim opacification. Three 
lesions showed solid or mottled contrast 
enhancement (Fig. 4, 4 and B). The opaci- 
fication could not in itself be differentiated 
from that seen in uterine fibroids. The k 
remaining solid ovarian tumors showed no 
contrast enhancement. A soft tissue mass 
could, however, be identified on the infu- 
sion urograms in all 3 cases. 

Four ovarian tumors were placed in the 
mixed category, 7.e., those containing both 
solid and cystic elements. Three of these 
lesions showed contrast enhancement of 
the cyst walls, and 1 lesion showed mottled 
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Fic. 3. (4) Preliminary roentgenogram shows a poorly defined pelvic and abdominal mass in a 16 year old 
female. (B) Twenty minutes after infusion, opacification of the wall of the abdominal mass (solid arrows) 
and opacification of septa within the mass (open arrow) are shown. Pathologic diagnosis was malignant 


teratoma of the ovary with multiple cystic areas. 


opacification of the solid portions of the 
tumor in addition to revealing contrast 
enhancement of the cyst wall. This lesion 
was a Brenner cell tumor of the ovary 
with both cystic and solid elements. There 


were 2 dermoid cysts in this group, both 
having typical calcifications present. In 
one instance, the cyst wall showed contrast 
enhancement. Neither showed any opaci- 
fication of the solid elements. The remain- 





Fic. 4. (4) Preliminary roentgenogram of an 18 year old female with amenorrhea and masculinizing signs 
and symptoms for 18 months. (B) Twenty minutes after infusion there is homogefeous opacification of th® 
pelvic soft tissue mass. Pathologic diagnosis was arrhenoblastoma, left ovary. 
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ing case was a patient with bilateral granu- 
losa cell ovarian tumors which showed a 
small area of cyst wall opacification in the 
right ovarian mass. There was also opacifi- 
cation of a normal sized uterus, clearly 
separating it from the bilateral adnexal 
masses. 

Pelvic inflammatory disease was the pri- 
mary etiology in 6 cases of pelvic masses. 
Four of these patients showed no evidence 
of contrast enhancement. One patient 
showed definite rim opacification due to a 
6 cm. serous cyst of the left fallopian tube 
associated with chronic salpingitis. One 
other case showed mottled enhancement 
of a pelvic soft tissue mass, similar in ap- 
pearance to a myomatous uterus, except 
that the borders of the mass were very in- 
distinct. The patient had no uterine leio- 
myomata, only chronic salpingitis with 
multiple tubo-ovarian adhesions. 


DISCUSSION 


Total body opacification and its value 
in the evaluation of abdominal masses 
was first described by O’Connor and Neu- 
hauser in 1963.° The authors noted that 
following high doses of intravenous con- 
trast media, opacification of liver and 
bowel wall as well as abnormal abdominal 
masses occurred.®®!? Cystic intraabdom- 
inal masses could be identified. In addi- 
tion, opacification of the cyst wall follow- 
ing intravenous injection of contrast me- 
dium was noted in this and other re- 
ports.24710 

The contrast enhancement of the cyst 
wall seen in pelvic neoplasms is the result 
of the opacification of the blood vascular 
pool. The opacification of the cyst wall is 
due to the circulating contrast medium in 
the capillary bed of the cyst wall which 
can be visualized as a rim around the non- 
opacified cyst fluid. Because I to 2 cm. of 
cyst wall are tangential to the roentgen 
beam, this rim can be visualized, thus giv- 
ing a I to 2 cm. effective tissue thickness. 
In almost all cases, the best opacification 
ef the cyst wall occurred on roentgeno- 
grams taken at the time of completion of 
the infusion, the time of maximum plasma 
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contrast medium levels. The opacification 
of the cyst wall continues about 30 minutes 
after completion of infusion, with diminish- 
ing intensity. The persistence of this opaci- 
fication corresponds to the sustained 
plasma contrast medium levels obtained by 
the infusion method of excretory urog- 
raphy.’ It is highly unlikely that there is 
any active or passive accumulation of con- 
trast in the cyst wall. The walls of ovarian 
cysts are in general not hypervascular, 
and therefore the opacification is not due to 
increased circulation of the cyst wall, which 
is the explanation offered for the visualiza- 
tion of the gallbladder wall during infusion 
cholecystography." 

The cyst wall was best visualized in the 
dermoid cysts of the ovary. But since the 
cyst wall could often be seen prior to the 
administration of contrast medium, it was 
quite difficult to evaluate contrast en- 
hancement. In the 4 dermoid cysts studied, 
only 2 showed definite contrast enhance- 
ment of the cyst wall. However, the cyst 
wall was visible in all 4 cases prior to and 
following infusion. This ease of visualiza- 
tion of the teratoma wall is due to the 
radiolucent fat within the cyst and the 
surrounding fat in the pelvis. Opacifica- 
tion of solid and mixed ovarian lesions is 
also best explained by the sustained high 
plasma contrast medium levels. This ex- 
planation is supported by the fact that the 
best opacification occurs at the completion 
of infusion. The type of opacification was 
quite similar to that seen in uterine fibroids. 
These 2 lesions could be differentiated only 
if: (1) a normal uterus could be distin- 
guished from the ovarian tumor; (2) typical 
psammomatous calcifications of ovarian 
carcinoma were present; or (3) typical cal- 
cifications of uterine fibroids or an ovarian 
dermoid were present. 

Uterine opacification was seen often 
during this study. Frequently the normal 
uterus could be differentiated from the 
ovarian mass because of the homogeneous 
uterine opacification. Such opacification 
of a normal uterus is probably a conse- 
quence of the rich capillary bed of the 
uterus. 
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The high incidence of contrast enhance- 
ment found in this study is in keeping with 
observations in other studies.!!° Birnholz! 
postulated that contrast enhancement was 
due to passive interstitial accumulation of 
the contrast agent, thus giving the hystero- 
gram effect. Although Birnholz’ theory 
may be valid, this opacification is more 
likely to be due to the opacification of the 
intravascular and interstitial spaces of 
the uterine fibroids. 

An attempt to differentiate solid from 
mottled opacifications was abandoned be- 
cause making a clear distinction between 
these 2 patterns was often not possible. 
Large and small bowel were frequently 
superimposed on the pelvic mass. Also 
feces in the rectosigmoid was projected 
over most pelvic masses, giving a mottled 
appearance. 

The time of maximum opacification, as 
mentioned previously, was usually at com- 
pletion of infusion; however, problems 
existed in evaluating this finding. First, 
all excretory urograms are tailored, so that 
comparable films were not obtained in all 
cases. Second, because of the amount of 
contrast agent used, a brisk diuresis occurs. 
The bladder becomes moderately distended 
during the course of the study, altering 
the position of pelvic masses. As the blad- 
der distends, the mass is elevated over the 
sacrum, thus increasing the apparent ra- 
diodensity of the mass. Third, any change 
in technical factors will alter the apparent 
radiodensity of all soft tissue masses. 
Fourth, ureteral compression devices de- 
crease the anteroposterior diameter of the 
lower abdomen, therefore enhancing the 
visualization of pelvic masses by displacing 
overlying bowel. Fifth, prone films also 
alter relationship of the bladder to the 
pelvic mass, and the bladder will often 
partially or completely obscure the mass. 

Tomography, which has been used for 
the visualization of the gallbladder wall, 
has proved useful in the evaluation of pel- 
vic masses.'! Although additional informa- 
tion can be obtained by this method, we 
do not routinely use pelvic tomography 
because of the additional time and pelvic 
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irradiation encountered. 
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THE UTILIZATION AND EFFICACY OF PELVIMETRY* 
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ABSTRACT: 


Data from non random groups of deliveries with some identical clinical factors 
were compared and certain conclusions are suggested. 

Most x-ray examinations which cause significant fetal exposure are pelvimetries. 
There appears to be no uniform set of indications for performing pelvimetry. 
Instead, the criteria seem to vary from hospital to hospital and even from physi- 
cian to physician within the same hospital. A normal pelvimetry gives the physi- 
cian little confidence that a cesarean section will not be necessary. The duration 
of labor is not significantly altered by pelvimetry in those cases needing a cesarean 
section for cephalopelvic disproportion or following unsuccessful oxytocin stimu- 


lation. 


OENTGENOGRAPHIC evaluation of 
the relative sizes of the fetal head and 
maternal pelvis has been used clinically 
almost since the advent of medical radiog- 
raphy. The technique was considerably re- 
fined by Colcher and Sussman in 1944.° 
Further refinements and variations have 
been instituted since that time.?:4:57)91 
Even though pelvimetry has been widely 
used over the years and has been generally 
accepted as a clinical tool, its efiicacy has 
been questioned recently by some authori- 
ties.11:13.14 Any doubts about the useful- 
ness of this procedure assume additional 
significance in light of evidence that irradi- 
ation of the fetus, even at the low levels 
used in diagnostic radiology, may carry 
with it an increased risk of leukemia and 
other malignant tumors in childhood.*:!9 1617 
Because of these questions of risk and 
efficacy, a study of selected information 
from 67,078 single deliveries in the years 
1969 and 1970 was undertaken to evaluate 
the utilization and efficacy of pelvimetry. 
This information was collected and pro- 
vided by the Obstetrical Statistical Cooper- 
ative based at Downstate University in 
Brooklyn, New York. The Cooperative is 
an association of teaching hospitals which 


collects data on all deliveries at these 
hospitals for later use in retrospective in- 
vestigation by any member institution. 


MATERIAL AND METHOD 


This study analyzed clinical information 
from 67,078 single deliveries of 1,000 gm. or 
greater from 16 hospitals. Pelvimetries 
were performed during 6.9 per cent (4,599) 
of these deliveries, a rate which is similar 
to the 5.1 per cent found ina 1963 U.S.P.H.S. 
national survey.!® The cases, although con- 
stituting about I per cent of the deliveries 
in the United States for 1969 and 1970, do 
not constitute a representative sample in 
a number of ways. As illustrated in Table 1, 
the population studied differed consider- 
ably from what would be expected in a 
random national sample in many geo- 
graphical, economic and racial factors. 
Also, all of the hospitals providing data in 
this study were training institutions; con- 
sequently, a greater proportion of the 
deliveries were assisted by interns and resi- 
dents than would be expected on a national 
basis. 

The Cooperative case record consists 
of approximately 75 datum elements, the 
most pertinent of which are listed in Table 


° * From the Bureau of Rad®logical Health and Office of Special Studies, Food and Drug Administration, U.S. Public Health Service, 
Department of Health, Education, and Welfare, Rockville, Maryland. 
t Current Address: Department of Radiology, St. Francis Hospital, Lynwood, California. 
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Tase I | 
BIAS OF DATA 
Obstetrical Statistical Cooperative National Population . 
_ Population (118) © - 4-2 
1. Geographical go per cent deliveries from New York City Area 5.3 per cent 
69 per cent deliveries from inner cities <30 per cent 
2. Economic 70 per cent ward patients est. 29 per cent 
3. Racial: 43 per cent non-white 17.2 per cent 
4. Type of Care 100 per cent teaching hospitals 41.7 per cent 
69 per cent trainee deliveries est. 29 per cent 
5. Parity _ 100 per cent single births 97.§ per cent 


u. The attending physicians abstracted the 
clinical data onto a data form. This form 
was checked for completeness by one per- 
son, generally a medical secretary, at each 
participating hospital and the information 
transferred to magnetic computer tape. 


GOALS AND LIMITATIONS OF THE STUDY 


The data accumulated through this 
study provide direct information on the 
frequency of pelvimetry use, at least among 
the participating hospitals. But the more 
important questions of “Why is pelvimetry 
done?” and “Is there any benefit from the 


- procedure?” cannot be answered directly 


by this study, since the data collection 
system did not ascertain the attending 
physician’s indications for the pelvimetry, 


nor his own direct evaluation of its useful- 
ness in each case. However, the study was 
used to extract information indirectly on 
the indications for and benefits from pelvim- 
etry. With respect to indications, certain 
clinical conditions associated with high 


‘rates of pelvimetry were identified by 


computer, enabling us to infer that these 
conditions were commonly employed in- 
dications for the x-ray procedure. We were 
able to derive answers to the question of 
benefit by observing whether some of the 
commonly assumed goals of pelvimetry (a 
shortening of nonproductive labor in cer- 
tain clinical circumstances, for example) 
were actually accomplished in x-rayed 
women as compared with those who had 
not had pelvimetry. 


TABLE II 
PARTIAL LIST OF DATA AVAILABLE ON PATIENTS IN THE STUDY 


. Pelvimetry 

. Other X-ray Examinations 
. Method of Delivery 
Complications of Delivery 
. Complications of Pregnancy 
. Position of Fetus 

. Type of Pelvis 

. Prior Pregnancies 

. Prior Abortions 

10, Prior Fetal Deaths 

11, Prior Medical Diseases 

12, Prior Surgery. 
13. Present Medical Diseases 


L WP m 


14. Reason for Operative 
Intervention 

15. Age of Mother 

16. Weight of Mother 

17, Height of Mother 

18, Race of Mother 

19. Weight Gain.of Mother 

20. Weeks of Pregnancy 

21. Birth Weight 

22, Anomalies 

23. Resuscitation 

24. Infant Diseases 

25. Reason for N@onatal Death j 
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One further word of caution is necessary. 
This study is an evaluation of the effect of 
pelvimetry on groups and not on indi- 
viduals. As in the case of any statistical 
investigation, some individual patients 
may prove to be exceptions to the general- 
izations drawn from the study. 


DISCUSSION 


1, Peloimetry as a contributor to fetal 
irradiation. Simple tabulation of the data 
showed that pelvimetries accounted for 72 
per cent of all the examinations which de- 
livered direct x-ray exposure to the fetuses 
in this study. In other words, nearly three- 
fourths of the pelvic and abdominal x-ray 
procedures in the study were pelvimetries. 
This is considerably higher than the ṣo per 
cent reported in the 1963 U.S.P.HLS. 
study.!* This difference may be explained 
by the substitution of ultrasound for many 
nonpelvimetric x-ray examinations of preg- 
nant women since 1963. Consequently, 
peluimetry may now have emerged as the 
greatest single source of fetal irradiation by 
far. As ultrasound becomes more and more 
widely available, this phenomenon can be 
expected to continue. 

2. Indications for peloimetry. As men- 
tioned above, the question of “Why is 
pelvimetry done?” was not directly answer- 
able because the physicians’ reasons for 
requesting pelvimetry were not recorded in 
the original data. However, a decision 
analysis computer program!® was used to 
weigh the relative importance of the re- 
corded clinical factors associated with 
pelvimetry. This generated a decision tree 
which revealed some of the reasons for the 
pelvimetries, as shown in Figure 1. The 
computer program divided the deliveries 
first into 2 subgroups; each subgroup was 
then divided into 2 others, etc. This di- 
vision process continued until little addi- 
tional variation in pelvimetry rates could 
be explained by further subdivision. Each 
division was based on the clinical factor 
that would give the highest possible pelvim- 
etry rate in the subgroup with that fac- 
tor and the lowest rate in the subgroup 
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without it.* For example, uterine dysfunc- 
tion was the first determinant chosen by 
the computer program because it was the 
clinical factor which best divided the de- 
liveries into high and low pelvimetry rate 
subgroups. The program then treated each 
of these two subgroups separately and 
divided them again on the next most im- 
portant factor (fetal position), and so on. 

The reasons for pelvimetries which were 
discovered by the process are summarized 
in Table m1. They can be divided into 3 
categories: (I) patient-related indications 
important in most cases; (2) physician-re- 
lated factors important in most cases; and 
(3) patient-related indications important 
in only a limited portion of the study popu- 
lation. The fact that the computer pro- 
gram selected physician-related factors (the 
experience of the attendant physician at 
delivery and the particular hospital in 
which the pelvimetry was done) seems to 
indicate that pelvimetries may not be 
ordered solely on uniform and objective 
clinical grounds. In addition, it was par- 
ticularly disquieting that only 20 per cent 
of the variation in whether or not pelvim- 
etries were ordered could be explained by 
the decision analysis program. The re- 
maining variation appeared to be due to a 
lack of consistency within the data them- 
selves. In other words, the most important 
determinants in the decision to use pelvim- 
etry seem not to be consistent clinical 
factors or combinations of factors, but 
rather the variation cf attending physicians 
in identical clinical circumstances. 

3. Peloimetry and cesarean section rates. 
The pelvimetry rate varied from 1.8 per 
cent to 15.7 per cent among the 16 hospitals 
studied. Since pelvimetric examinations 
serve primarily as an aid in deciding 
whether or not to perform a cesarean sec- 
tion, it might be expected that there would 
be some relationship between pelvimetry 


* More accurately, the program uses a standard least squares 
method to maximize the explained variation. With pelvimetry 
taking on values I (yes) or o (no), the explained variation is the 
ratio of the sums of the squares of the deviations from the final, 
group means to the sum of the squares of the deviations from 
the original group mean. l 
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PELVIMETRY DATA ANALYSIS 
DECISION PROCESS 





6.9% PELVIMETRY 
67,078 DELIVERIES 
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29.5% 16.5% | } 35.5% 
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Fic. 1. Decision tree, generated by decision analysis computer program. This shows the major factors which 
accounted for some of the variation in the use of pelvimetry in the study hospitals. 
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Tase III 


IMPORTANT FACTORS IN THE DECISION TO DO 
A PELVIMETRY 


1. Patient related factors important in most cases 
(A) Strength of uterine contractions 
(B) Position of the fetus _ 
(C) Any prior term pregnancies 
` 2, Physician related factors important in most cases 
(A) Experience of the attending physician 
(B) Hospital or departmental practice 
3. Patient related factors important in select cases ` 
(A) Premature rupture of the membranes 
(B) Length of labor 
(C) Use of oxytocin 
(D) Toxemia 
(E) Weeks of pregnancy 


rates and cesarean section rates at the 
various hospitals. In fact, the correlation 
coefficient was 0.28, which is not signifi- 
cantly different from o. This shows that 
there was little or no consistent relationship 
between the pelvimetry and cesarean sec- 
tion rates at the hospitals in the study. 
a is graphically demonstrated in Figure 


“die there was considerable variation 
among the hospitals in the rate of prima- 
gravid women coming to delivery, it might 
be argued that a hospital with a higher per- 
centage of primagravid women might have 
a relatively high rate of pelvimetry which 
would contribute to lack of correlation 
shown above. However, when the pelvim- 
etry rate was compared to the cesarean 
rate for all 16 hospitals, for those women 
who had never previously had a term 
pregnancy, the correlation coefficient was 
even lower (0.11). ù 

4. Effectiveness of pelvimetry. The marked 
variability in the use of pelvimetry among 
physicians in similar clinical situations, 
along with the lack of correlation between 
pelvimetry use and cesarean rate, raised 
the question of whether pelvimetries were 
beneficial at all. Since pelvimetry should 
be used only for comparative measurements 
of the fetal head and maternal pelvis in 
order to determing whether safe vaginal 


Kelly, Madden, Arcarese, Barnett and Brown 


SEPTEMBER, 1975 
delivery is possible, the fundamental ques- 
tion is whether the physician can make 
this decision more accurately and more 
quickly with the aid of pelvimetry than 
would be possible using clinical judgment 
alone. 

a. Prognostic value of the normal pelvim- 
etry. The data show that 41 per cent of 
patients undergoing cesarean section re- 
ceived a pelvimetry. Among those who had 
a pelvimetry which was interpreted as 
normal, 27 per cent nonetheless went on to 
have a section. One of the arguments in 
favor of pelvimetry has been that when the 
clinician has roentgenographic confirma- 
tion of a normal pelvis, he is able more 
judiciously to allow labor to progress. How- 
ever, these findings contradict this. The 
decision to do a pelvimetry puts a woman 
in a class with a high rate of cesarean sec- 
tions, about 4 out of 10. The finding that 
her pelvis is normal reduces her chance of 
cesarean section slightly (to about 3 out 
of 10). In other words, because a signifi- 
cant chance of cesarean section still exists 
in women with a normal pelvimetry, the 
clinician still has to make the same deci- 
sion about cesarean section on clinical 
grounds that he would have had to make 
even if'he had not done the pelvimetry in 
the first place. 

b. Prognostic value of pelvimetry in 
cephalopelvic dispraportion. If pelvimetry 
helps to provide an early and accurate 
diagnosis of cephalopelvic disproportion 
and thus allows for timely intervention 
with cesarean section, then women with 
disproportion who have had pelvimetry 
should undergo, on the average, a shorter 
labor prior to section than those with dis- 
proportion who have not received pelvim- 
etry. With this in mind, the duration of 
labor was comparec for 2 groups of pa- 
tients in the study: those diagnosed as hav- 
ing cephalopelvic disproportion and under- 
going cesarean section who had received 
a pelvimetry, and those with the same diag- 
nosis and section who had not had a pel- 
vimetry.. To make the groups more alike, 
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Fic. 2. Comparison of pelvimetry and cesarean section rates found in 16 member 
hospitals of the Obstetrical Statistical Cooperative. 


only women both delivering for the first 
time and having infants greater than 2,500 
gm. were included. As shown in Figure 3, 
there was essentially no difference between 
the two groups with respect to hours of 
labor. In other words, as it was used in the 
16 hospitals, pelvimetry did not significantly 
shorten labor in those women with cephalo- 
pelvic disproportion when compared to 
the use of clinical judgment alone. 

c. Prognostic value of pelvimetry on 
oxytocin failures. Since a pelvimetry is 
done to prevent those with a pelvis inade- 


quate for vaginal delivery from having an 
unnecessarily long labor, only data con- 
cerning the oxytocin failures are presented 
here (Fig. 4 and 5). Two separate groups, 
those having elective stimulation and those 
having stimulation for dysfunction were 
considered. First, patients having an un- 
successful elective oxytocin stimulation, 
with or without. pelvimetry, were com- 
pared to see if pelvimetry shortened the 
duration of labor prior to cesarean section. 
Again, only those women with at least:a 
2,500 gm. fetus and who had not had a, 
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Fie. 3. Comparison of duration of labor experienced by patients, with and without pelvimetry, 
who had cesarean sections because of cephalopelvic disproportion. 


previous term pregnancy were used in this 
comparison so that the groups would be 
composed of similar individuals. Figure 4 
reveals no significant difference between 
the 2 groups. 

Next, the patients with unsuccessful 
oxytocin stimulation for dysfunction were 
considered. Duration of labor for these 
women is shown in Figure 5. The mean 
and median labor lengths for the women 
with pelvimetry were about 2 hours longer 
than those without pelvimetry. A number 
of factors could account for this. For exam- 
ple, the longer length of labor among the 
x-rayed women might be related to the 
time consumed in ordering, performing, 
and interpreting a pelvimetry; in many 
hospitals it may take up to an hour or more 
to transport the patient to the x-ray de- 
partment, carry out the procedure, and 
return her to the delivery suite. Some of 
the delay in performing necessary cesarean 
sections among the x-rayed women may be 
related to indecisivgness or procrastination 
on the part of those physicians who most 


often use pelvimetries. This suggestion is 
supported by the computer decision analy- 
sis which showed a greater use of pelvime- 
try by the less experienced attendant 
physicians. 

It should be noted that any difference 
between the pelvimetry and non-pelvime- 
try groups in this study could possibly be 
accounted for by a basic difference be- 
tween the groups beyond the fact that 
some were x-rayed and others were not; 
retrospective studies such as this are par- 
ticularly prone to such difficulties. For 
example, differences in duration of labor 
among the pelvimetry and non-pelvimetry 
groups could be due to a greater propor- 
tion of difficult cases, i.¢., those in which a 
clinical decision is harder to make, within 
the pelvimetry group. But it is difficult to 
imagine enough variation in the distribu- 
tion of “dificult cases” among the 16 hos- 
pitals in the study to account for the nine- 
fold variation in the use of pelvimetry ob- 
served among them. 

In any case, as can be seen from Figures 
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Fie. 4. Comparison of duration of labor experienced by patients, with and without pelvimetry, who had 
cesarean sections following unsuccessful oxytocin stimulation. The difference at o hours between the 2 
groups is due only to 3 patients and is not statistically significant. 
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Fic. 5. Comparison of duration of labor experienced by patients, with and Without pelvimetry, ° 
who had cesarean sections, following unsuccessful oxytocin stimulation for uterine dysfunction. 
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4 and 5, pelvimetry did not decrease the 
length of labor in those who ultimately 
went to cesarean section following unsuc- 
cessful oxytocin. 

The authors feel that the findings from 
this study warrant a prospective investiga- 
tion of the efficacy of pelvimetry. 


Kevin M. Kelly, M.D. 
Department of Radiology 
St. Francis Hospital 

3630 Imperial Highway 
Lynwood, California 90262 
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INTESTINAL PERFORATION AS A COMPLICATION 
OF THE NEONATAL SMALL LEFT 
COLON SYNDROME* 
By GEORGE W. NIXON, M.D., VIRGIL R. CONDON, M.D., 
and DAVID R. STEWART, M.D. 


SALT LAKE CITY, UTAH 


ABSTRACT: 


Intestinal perforation can occur as a complication of the neonatal small left colon 


syndrome. Four such infants are reported. 


Early diagnosis and treatment, utilizing water soluble contrast enema examina- 
tion, are recommended to reduce the frequency of this complication. 


Lae neonatal small left colon syndrome 
(SLCS) was recently reported by 
Davis eż al. as a condition producing 
signs and symptoms of low colonic obstruc- 
tion. Affected infants are often the off- 
spring of diabetic mothers. Roentgen ex- 
amination of the abdomen shows multiple 
dilated small bowel loops and sometimes 
visualization of dilated ascending and 
transverse portions of the colon, Contrast 
enema study demonstrates a characteristic 
pattern of a small left colon to the level of 
the splenic flexure where a sharp transition 
zone exists with the proximal colon being 
dilated. 

This syndrome has been considered a 
benign condition in which contrast enema 
examination was curative by stimulating 
meconium evacuation. We wish to supple- 
ment these concepts by reporting 4 cases 
with intestinal perforation as a complica- 
tion of this condition. The case histories 
and roentgen findings in 3 patients, all in- 
fants of diabetic mothers, recently seen at 
Primary Children’s Medical Center will be 
reported. A fourth case, recently con- 
tributed by Dr. Davis will also be reviewed. 


REPORT OF CASES 


Case 1. This 4,500 gram female infant was 
transferred to Primary Children’s Medical Cen- 
ter at age 2 days because of abdominal disten- 


tion. She was the product of a 38 week gesta- 
tion and the pregnancy was complicated by 
toxemia. The mother was an insulin dependent 
diabetic. Mild cyanosis secondary to persistent 
fetal circulation syndrome and hypoglycemic 
cardiomyopathy was present during the first 24 
hours. Only a minimal amount of meconium 
had been passed prior to her transfer to this 
hospital. 

Abdomen roentgenograms demonstrated nu- 
merous dilated loops of bowel and a pneumo- 
peritoneum. 

Perforation due to abdominal! distention had 
not occurred as a complication of SLCS in our 
previous experience with infants of diabetic 
mothers. We felt that SLCS with perforation 
was an unlikely cause for the pneumoperito- 
neum and therefore elected to do a water soluble 
contrast enema to evaluate the possibility of 
aganglionosis and to rule out the colon as the 
site of perforation. This study showed charac- 
teristic findings of SLCS without extravasation 
of contrast medium into the peritoneal cavity 
(Fig. 1). 

Exploratory Moatocany revealed multiple 
small perforations with necrotic margins in the 
ileum approximately 10 cm. proximal to the 
ileocecal.valve. This segment of bowel was re- 
sected and an ileostomy done. 

The patient survived and is doing well at 1 
year of age. Her ileostomy has beer closed sev- 
eral months. A follow-up barium enema done at 
age 5 weeks showed the entire colon to appear 
normal with no disparity in size between the 
right and left sides (Fig. 2). 


* Presented at the Seventeenth Annual Meeting of the Society for Pediatric Radiology, San Brancace, California, September 23; 
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Fic. 1. Case 1. A large pneumoperitoneum outlines 
the falciform ligament. The appearance of the 
cclon is typical of the neonatal small left colon 
syndrome. The colon is small to the splenic flexure 
with dilatation proximal to the transition zone. 


Case 11. This 2,400 gram female infant of an 
insulin dependent diabetic mother was trans. 
ferred to Primary Children’s Medical Center 
after intestinal perforation was identified. She 
was the product of a 36 week gestation which 
was complicated by polyhydramnios. 

Mild respiratory distress and cyanosis felt 
to be secondary to hypoglycemic cardiomyop- 
athy and persistent fetal circulation syndrome 
were initially present, and were controlled by 
supportive medical measures. At 24 hours of 
age the patient had not passed meconium, and 
abdominal distention was noted. Small saline 
enemas were unsuccessful in relieving this con- 
dition. Roentgen examination of the abdomen 
at this time revealed very mild dilatation of 
the cecum with the remainder of the intestinal 
gas pattern appearing normal. 

At 48 hours of age a pneumoperitoneum was 
present on an abdomen film (Fig. 3). A gastro- 
grafin enema done at another hospital was re- 
ported to show transition zone at the splenic 
flexure with the proximal colon of larger caliber. 
Contrast medium entered the peritoneal cavity 
after reaching the cecum (Fig. 4). A subsequent 
postoperative abdomen roentgenogram con- 
fymed the splenic fexure transition zone 
(Fig. 5). 
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Exploratory laparotomy confirmed the cecal 
perforation, and a cecostomy was done. At. 
tempts to control her chemical abnormalities, 
cardiovascular problems and peritonitis were 
unsuccessful and the patient died of sepsis and 
disseminated intravascular coagulation at age 
II days. 

Postmortem examination revealed candida 
abscesses of the liver, lung and kidney and a 
large subarachnoid hernorrhage. Changes asso- 
ciated with maternal diabetes and the bowel 
perforation were also noted. 

Tissue specimens from the right and left 
colon were reviewed by Blaise E. Favara, M.D., 
co-author of the original paper describing 
SLCS. The ratio of multipolar ganglion cells to 
small cells in the intermyenteric plexus in this 
patient was reduced, as in their first reported 
cases of this syndrome. 


Case 111. This 4,400 gram female infant was 
transferred to Primary Children’s Medical 
Center at 24 hours of age because of abdominal 
distention and failure to pass meconium. She 
was born to a diabetic mother after a 36 week 
gestation with the pregnancy complicated by 
toxemia. Hypoglycemic: cardiomyopathy and 
persistent fetal circulazion syndrome resulted 





FıG. 2. Case 1. Normal appearance of a follow-up 
barium enema colon examination done at § weeks 
of age. 
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in cyanosis during the first day. 

Abdomen roentgenograms demonstrated di- 
lated bowel loops proximal to the splenic flexure 
region of the colon (Fig. 6). A contrast enema 
(Fig. 7) showed the distal colon to be moder- 
ately small to the level of the mid-descending 
colon with some dilatation proximal to the 
transition zone. Contrast medium refluxed into 
the terminal ileum. No definite extravasation of 
contrast medium into the peritoneal cavity was 
noted. Following this enema study, a large 
amount of meconium was expelled, but despite 
continued meconium passage the abdominal 
distention progressed and her condition de- 
teriorated. An abdomen roentgenogram done 6 
hours after the contrast enema study showed a 
pneumoperitoneum and contrast medium in the 
peritoneal cavity (Fig. 8). 

Exploratory laparotomy revealed a large 
cecal perforation. The peritoneum was lavaged 
and the cecum exteriorized at the perforation 
site. Postoperatively, the patient’s condition 
continued to deteriorate and she died at 48: 
hours of age. Autopsy permission was denied. Fic. 4. Case u. Water soluble contrast enema re- 

Hirschsprung’s disease was not completely veals extensive extravasation into the peritoneal 
ruled out in this patient. The facts that the sei 
patient was female, premature by gestation 
duration, and the infant of a diabetic mother 
strongly support the diagnosis of SLCS rather 
than Hirschsprung’s disease. 





the product of a 37-40 week gestation. Al- 
though there was a positive family history, the 
mother was not diabetic. At 24 hours of age 
abdominal distention was noted. 

Case 1v. This 2,820 gram male infant was An abdomen roentgenogram revealed dilated 
bowel loops with the colon appearing involved 
to the region of the splenic flexure. Contrast 





Fic. 5. Case 11. Follow-up postoperative abdomen 
Fic. 3. Case u. Supine abdomen roentgenogram roentgenogram confirms tHe transition zone in the 
demonstrates a large pneumoperitoneum (arrows). splenic flexure area of the colon. 


‘cae 





Fic. 6. Case m1. Supine abdomen roentgenogram 
shows numerous dilated loops of small bowel and 
colon to the splenic flexure region. This pattern is 
typical of the neonatal small left colon syndrome. 


enema examination at 2 days of age demon- 
strated a small left colon to the mid-descending 


colon region with proximal dilatation (Fig. 9). 


Abdominal distention progressed and a re- 
peat contrast enema was performed at 3 days 





Fic. 7. Case 111. Water soluble contrast enema exami- 
nation reveals the left colon to be small to the mid- 

e descending region without apparent extravasation 
Or pneumoperitoneum. 
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of age again showing changes of SLCS. An ab- 
domen roentgenogram done later that day dem- 
onstrated contrast medium in the peritoneal 
cavity (Fig. 10). 

Following the diagnosis of intestinal perfora- 
tion this baby was transferred to Denver 
Children’s Hospital. Laparotomy revealed the 
perforation site to be in the cecum. A cecostomy 
was done and a recta! biopsy showed ganglion 
cells to be present. This patient survived and 
has done well, currently being 3 months of age. 


DISCUSSION 


There are multiple etiologies of gastro- 
intestinal perforation in the newborn. The 
more frequently reported causes include 
gastric perforation of the newborn, meco- 
nium ileus, small bowel or colon atresia, 
necrotizing enterocolitis, Hirschsprung’s 
disease, imperforate anus, trauma, and the 
meconium plug syndrome. Intestinal per- 
foration associated with the neonatal small 
left colon syndrome has not been pre- 
viously reported. It should be noted, how- 
ever, that previous cases reported as idio- 
pathic or spontaneous perforations of the 
small bowel or proximal colon certainly 





Fic. 8. Case 111. Pneumoperitoneum and extravasated 
contrast medium are demonstrated on this follow- 
up abdomen roentgenogram. 
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may have occurred secondary to this 
syndrome.*” 

Intestinal perforation secondary to dila- 
tation and focal necrosis can occur proximal 
to a mechanically or functionally obstructed 
colon. Factors other than dilatation and 
pressure necrosis may contribute to in- 
testinal perforation in infants with the neo- 
natal small left colon syndrome (Fig. 11). 
It has been postulated that selective in- 
testinal circulatory ischemia (“the diving 
reflex”) occurs in neonates with hypoxia or 
shock.® Infants of diabetic mothers com- 
monly have respiratory disease, hypogly- 
cemic cardiomyopathy and persistent fetal 
circulation syndrome (PFCS)* which could 
trigger this asphyxial defense mechanism. 

Perforation secondary to an obstructive 
colon lesion usually occurs in the cecum. 
This was the location in 3 of these 4 cases. 
With associated bowel ischemia, other sites 
may be involved as in our other case where 
the perforation occurred in the distal ileum. 





Fic. 9. Case 1v. Contrast enema roentgenogram 
shows a small left colon with an abrupt transition 
zone near the splenic flexure. 
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Fic. 10. Case 1v. Follow-up abdomen roentgenogram 
reveals extravasation of contrast medium into the 
peritoneal cavity. 


These cases of the neonatal small left 
colon syndrome with perforation demon- 
strate the potentially serious nature of this 
condition and the need for early diagnosis 


(mechanical) 


OBSTRUCTION (functional) 


Dilatation 


Bowel 
Wall 


$ PERFORATION 
a Ischemia 


SELECTIVE CIRCULATORY ISCHEMIA 
"the diving reflex" 
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PFCS 
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Fic. 11. Schematic diagram showing possible con- 
tributing factors resulting,in intestinal perforation 


in SLCS. 
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and treatment. The mortality rate in new- 
borns with gastrointestinal perforation is 
high." This is especially true in infants of 
diabetic mothers with associated serious 
complicating medical problems. 

Early diagnosis and treatment are ac- 
complished with a water soluble contrast 
enema examination. We recommend that 
this study be done immediately in new- 
borns who develop clinical findings of colon 
obstruction or fail to pass significant me- 
conium within 24 to 48 hours. This is par- 
ticularly critical in infants of diabetic 
mothers. This aggressive approach hope- 
fully should reduce the incidence of intesti- 
nal perforation as a complication of the 
neonatal small left colon syndrome. 

Repeat contrast enema examinations 
may occasionally be necessary to relieve the 
obstructive signs in these babies.? Also, un- 
diluted or 1:1 diluted water soluble con- 
trast medium may result in irritability and 
spasm of the distal colon. Further dilution 
to 1:4 has subsequently been successful in 
diagnosis and treatment.? 

Although we recommend the use of water 
soluble contrast media in the evaluation 
and management of SLCS it must be noted 
that these agents are less accurate than 
barium in diagnosing aganglionosis.! Clini- 
cians must be informed that if signs and 
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symptoms of obstruction persist, a follow-up 
examination using barium is essential to 
evaluate more accurately the possibility of 
long segment Hirschsprung’s disease. 


George W. Nixon, M.D. 
Department of Radiology 

Primary Children’s Medical Center 
320 12th Avenue 

Salt Lake City, Utah 84103 


We wish to express our appreciation to 
Dr. William S. Davis, Denver Children’s 
Hospital, Denver, Colorado, for Case tv. 
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ANGIOGRAPHY IN EXPANSILE LESIONS 


OF THE SPLEEN* 
By L. EKELUND, M.D.,+ J. GOTHLIN, M.D.,+ and H. PETTERSSON, M.D.t 


LUND AND MALMO, SWEDEN 


Tr 


ABSTRACT: 


The angiographic findings in a relatively large number of expansile lesions of the 
spleen are presented. In cysts our findings correspond to those in earlier reports, the 
hallmark being stretching of intrasplenic arteries and veins around an avascular 
expansile lesion. As to neoplasms (primary as well as secondary), however, our 
findings suggest that the criteria of malignancy, that is, neovascularity, vascular 
encasement, and arteriovenous shunting, may be more frequent than is evident 
from earlier reports. 


66@PLENIC tumors are rare. The ex- 

perience that any individual angi- 
ographer can accumulate in the various 
manifestations of splenic neoplasms, there- 
fore, is small.” To be able to review a 
larger sample, cases were collected from 2 
University Hospitals. The findings do not 
always correspond to those of earlier re- 
ports and are thus presented. 


MATERIAL AND METHOD 


The 22 cases will be presented in groups: 
cysts, 8; primary neoplasms, 4; metastases, 
4; and secondary tumor invasion, 6. Selec- 
tive celiac angiography was performed in 
all cases, followed by selective examination 
of the splenic artery in some cases. 


At angiography the interest has ‘often 
been focused on the liver, sometimes re- 
sulting in poor quality splenograms. The 
angiographic findings in all cases were 


-verified by histological diagnosis at opera- 


tion or autopsy soon after the examination. 


RESULTS 
CYSTS 


Age and sex of the patients, together 
with the angiographic findings in this 
group, are given in Table 1. 

In 6 patients only 1 lesion was evident 
while in 2 cases multiple cysts were present. 
The spleen was enlarged in 7 patients and 
of normal size in 1. Calcifications in the wall 
of the cysts were seen in 2 cases. In 1 of 


TaBe I 


AGE, SEX, AND ANGIOGRAPHIC FINDINGS IN THE PRESENT MATERIAL OF SPLENIC CYSTS 


Size of 


Case! Age | Sex 





I 46 M 17X15 14X13 

2 7 F 21X12 Ig X10 

3 26 F 26X18 23X18 

4 18 M 26X19 24X19 

5 25 F 28X17 25X17 

6 35 M 23X17 16X17,3X3 
Fi 44 F 14X 9 multiple, <2 
8 63 M 10X 5 IXI 


Diameter 
; f Spleni 
Spleen (cm.) | Lesion (cm.) pes as Artery (mm.) 


Diameter (Ratio Splenic 
of Hepatic | /Hepatic (Calcification 
Artery 





5.0 0.7 fo) 
5.0 1.0 Q 
8.0 I.I O 
8.0 1.3 O 
5.5 1.1 o 
9.0 1.5 ++ 
7.0 2.0 o 
8.0 0.9 + 


* From the Department of Diagnostic Radiology, University Hospital, Lund, Swedent and the Débartment of Diagnostic Radt- 


‘ ology, Allminna Sjukhuset, Malmō, Sweden.f 
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Fic. 1. Traumatic cyst of the spleen in man, aged 18. (4) Celiac angiography, arterial phase: intrasplenic 
arteries smoothly stretched around an avascular mass. Left kidney displaced downward. (B) Following cyst 
puncture with withdrawal of chocolate-coloured fluid and injection of water-soluble contrast medium. 


these plain roentgenograms of the abdomen 
revealed a tiny, semilunar shaped calcifica- 
tion in a normal size spleen. Angiography 
revealed normal arteries and veins and a 
2 mm. thick staining around an avascular 
area measuring I XI cm. The histological 
diagnosis was a partly calcified cyst, etiol- 
ogy unknown. 

The remaining 7 cases had similar an- 
giographic findings (Fig. 14). In each there 
was caudal dislocation of the splenic artery 
and vein, and normal intrasplenic arteries 
were smoothly stretched around the mass. 
In some cases displacement of intrasplenic 
veins could be demonstrated. During the 
capillary phase the lesions were quite trans- 
lucent, compared to the normal paren- 
chyma stain. In all 7 patients the remaining 
parenchyma was localized in the most 
caudal part of the spleen. The demarcation 
between the lesion and the parenchyma 
was sharp and smooth, with occasional 
lipping. 

° Displacement of* adjacent organs was 


present in 7 cases. The left inferior phrenic 
artery was 25-50 per cent wider than the 
right one. The ratio of the diameter of the 
splenic artery compared with that of the 
hepatic artery varied from 0.7 to 2.0. Per- 
cutaneous puncture of 2 of the cysts was 
made with withdrawal of chocolate-coloured 
fluid and injection of water-soluble contrast 
medium (Fig. 1B). 

In Cases 1 through 6 the cysts were 
probably traumatic in origin, while in Case 
7 multiple cysts were also present in liver 
and kidneys, thus indicating a congenital 
origin. 


PRIMARY NEOPLASMS 


Four cases have been examined. The 
first, a 64 year old female with a primary 
spindle-cell sarcoma displayed a lesion 
which was hypovascular in the cranial part 
of the spleen, whereas the caudal part con- 
tained multiple neoplastic vessels. Exten- 
sive arteriovenous shunting and irregular 
staining were evident as well as pronounced 
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Fic. 2. Sixty-four year old female with primary spindle-cell sarcoma of the spleen. (4) Arterial phase. The 
tumor is hypovascular in its cranial part and contains multiple neoplastic vessels in the caudal part. Dis- 
placement as well as encasement of arteries and marked arteriovenous shunting. (B) Venous phase. Occlu- 
sion of splenic vein with multiple collateral veins. Irregular tumor staining. Kidney displaced caudally. 


displacement of arteries and veins sur- 
rounding the lesion (Fig. 24). The splenic 
vein was occluded (Fig. 28). 

The following 3 cases of reticulum-cell 
sarcoma showed different angiographic pat- 
terns. In one 76 year old female, whose 
spleen measured 23 XII cm., the entire 
spleen was involved. There was encasement 
of the main splenic artery and of many of 
its branches. Tiny tumor vessels were pres- 
ent as was pronounced central tumor stain- 
ing. Also noted were compression of intra- 
splenic veins and occlusion of the main 
splenic vein, causing collateral drainage 
(Fig. 3). 

The pattern was similar in the case of a 
66 year old female, whose spleen measured 
16X11 cm., but the lesion was limited to 
the lower pole of the spleen. The border be- 
tween the lesion and the normal paren- 


chyma was rather sharp but slightly irregu- 
lar. Some arteriovenous shunting was 
evident (Fig. 4, 4 and B). The splenic vein 
was compressed, but not occluded. 

In our third case of reticulum-cell sar- 
coma no tumor vessels were demonstrable. 
The patient was a 47 year old female with a 
splenic size of 29X15 cm. Arteries and 
veins in the cranial pole of the spleen were 
displaced by a hypovascular mass measur- 
ing approximately 15X15 cm. with no ar- 
teriovenous shunting demonstrable. Histo- 
logic examination revealed sarcomatous in- 
filtration in the upper pole with central 
necrosis. In some places infiltrated vessels 
were noted. 


METASTASES 


Four cases of metastases were encoun- 
. e . . 
tered. In 2 instances the primary lesion was 
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Fic. 3. Seventy-six year old female with primary 
reticulum-cell sarcoma of the spleen. Celiac an- 
giography. Enlarged spleen (23X11 cm.). Encase- 
ment of multiple intrasplenic arteries, especially 
In upper pole and tiny tumor vessels throughout 
the spleen. Slight encasement of main splenic 
artery. Tumor stain medially. The splenic vein 
was occluded. 


situated in the kidney, while in the other it 
was localized in the uterus and urinary 
bladder, respectively. 

One 60 year old female had been operated 
upon for uterine carcinoma 7 years prior to 
the examination. The splenic size was 
20X15 cm. Celiac angiography revealed an 
avascular lesion in the cranial part of the 
spleen. In the lower pole there were abun- 
dant neoplastic vessels (Fig. 5) and moder- 
ate tumor staining. There was pronounced 
displacement of intrasplenic veins, but the 
main splenic vein Was open. Histological 
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examination disclosed old bleeding in the 
upper pole of the spleen and metastasis 
from uterine carcinoma in the lower. 

Two males, aged 66 and 69, respectively, 
had primary renal carcinomas. At celiac 
angiography multiple hypervascular lesions 
with a diameter up to 4.5 cm. were demon- 
strated in the spleen. There was displace- 
ment of arteries but no encasement was 
found. The splenic vein was normal in both 





Fic. 4. Reticulum-cell sarcoma in female, aged 66. 
Encasement of distal part of splenic artery and of 
arteries in hilum and caudal part of the spleen. 
Neoplastic vessels in these areas. Some arterio- 
venous shunting was evident on a later film. (4) 
Celiac and (B) selective splenic artery injections, 


y 
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cases. These patients also had hepatic 
metastases. 

Finally, in a 70 year old male with carci- 
noma of the urinary bladder, celiac angi- 
ography showed a slightly enlarged spleen 
with 3 poorly vascularized lesions measur- 
ing 8X6, 5X5, and 3X3 cm., respectively, 
in the upper pole, Displacement of intra- 
splenic arteries and veins was found as well 
as arterial encasement. 


SECONDARY GROWTH FROM ADJACENT ORGANS 


One 57 year old woman had been oper- 
ated upon because of a retroperitoneal 
leiomyosarcoma 6 years prior to the exami- 
nation. At angiography a 12X10 cm. lesion 
in the spleen was found with neoplastic 
vessels and extensive arteriovenous shunt- 





Fic. 5. Sixty year old female with metastasis to the 
spleen from uterine adenocarcinoma. Avascular 
mass in upper pole with stretched arteries. Dis- 
placed, encased arteries and multiple neoplastic 
vessels in lower pole of the spleen. Histology: 
Old bleeding in upper pole, metastasis from uterine 
carcinoma in lower pole. 
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Fic. 6. Female, aged 57, previously operated upon 
because of a retroperitoneal leiomyosarcoma. 
Large tumor occupying lower part of the spleen 
with abundant neoplastic vessels and pronounced 
arteriovenous shunting. Compression of splenic 
vein and venous collaterals from caudal part of the 
lesion. At operation stomach and pancreas were 
invaded as well. 


ing. Pronounced tumor staining was evi- 
dent in the capillary phase. There was com- 
pression of the splenic vein with secondary 
collateral vessels (Fig. 6). The stomach and 
pancreas were involved as well. 

Celiac angiography in a 51 year old male 
with a large carcinoma of the pancreas re- 
vealed encasement of the splenic artery and 
intrasplenic branches in the hilum and 
several other places in the spleen. There 
were compression and displacement of the 
splenic vein in the hilum and of many intra- 
splenic veins. Encasement of the superior 
mesenteric artery and middle colic artery 
was also noted. 

Invasion of the spleen from a left renal 
carcinoma was found in 2 females, aged 69 
and 62, respectively. In both cases encased 
arteries and tumor staining immediately 
beneath the hilum of the spleen were dem- 
onstrated at celiac angiography. Arterial as 
well as venous displacement in the region 


86 L. Ekelund, J. Göthlin and H. Pettersson 





Fic. 7. Sixty-five year old male with gastric car- 
cinoma invading the spleen. Celiac angiography: 
The carcinoma is supplied from a widened left 
gastric artery. Encasement and displacement of 
arteries in upper pole of the spleen (arrows). 


of the lesion was evident and in 1 of the 
cases there was parasitic blood supply to 
the renal tumor from the splenic artery. 

In one 65 year old male invasion of the 
spleen from a large gastric carcinoma was 
demonstrated at celiac angiography. The 
splenic size was 11X9 cm., and the lesion 
size was 6X6 cm. Encasement and dis- 
placement of arteries in the cranial pole of 
the spleen, as well as tumor staining in 
parts of the mass and displacement of intra- 
splenic veins, were encountered (Fig. 7). 

Finally, in a 60 year old man with a car- 
cinoma of the splenic flexure of the large 
bowel, celiac angiography revealed encase- 
ment and occlusion of the splenic artery in 
the hilum of the spleen and compression of 
the splenic vein, which was not occluded, 
however. No tumor stain could be demon- 
strated. At operation invasion of the hilum 
of the spleen was found. 


DISCUSSION 
CYSTS 


There are mainly 3 types of benign cysts, 
the congenital, the post-traumatic and the 
parasitic. In northern Europe hydatid cys- 
tic disease is very uncommon and we can- 
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not present any case. Rizk et a/.” in 1971 
described their experiences in 6 patients 
with this disease. In ¢, a rim of increased 
density around the cyst was seen in the 
capillary phase, probably representing the 
ectocyst. 

Congenital cysts may now and then be 
encountered. The angiographic findings do 
not differ from those of traumatic origin‘ 
with the exception that the lesions are mul- 
tiple and smaller and often present in other 
organs. The findings in traumatic cysts in 
the present material correspond to those 
reported previously,?:5:15.20,23,24 

Important features are the displacement 
of vessels around an avascular lesion and 
the sharp, smooth demarcation toward the 
remaining parenchyma, which in all of our 
cases was localized in the most caudal part 
of the spleen. There is no infiltration or oc- 
clusion of vessels. Displacement of adjacent 
organs and of the main splenic artery and 
vein may occur as in any enlargement of 
the spleen. We first expected the diameter 
of the splenic artery to be reduced when 
only small amounts of parenchyma re- 
mained. We therefore calculated a ratio be- 
tween the diameter of the splenic and he- 
patic arteries, and found that the range and 
size of the ratio are about the same as in 
normal spleens. This suggests that the 
blood flow through the small remaining part 
of parenchyma may be close to normal. If 
that reasoning is also applicable to the 
function is impossible to judge, as the ab- 
sence of the spleen does not disturb the 
patient. 

Two cystic lesions in our material were 
punctured percutaneously with injection of 
water-soluble contrast medium. This diag- 
nostic method was reported by Denneen® 
in 1942, Wicht eż al.” in 1953, Ellis? in 1958, 
and Eban’ in 1959. The procedure is very 
easy to perform, but obviously the exam- 
iner must be quite sure of not puncturing 
an echinococcus cyst where the danger of 
spread of the parasite as well as of an 
anaphylactic reaction is pronounced. The 
puncture discloses a typical cyst with 
smooth rounded walls. 

Delorme eż al. gave as differential diag- 
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noses myxoma, fibroma, lipoma and tera- 
toma, without showing angiographically 
proved examples of these diseases. Other 
rare conditions resembling cysts are oste- 
omas, chondromas and lymphangiomas.!*4 
Infiltrative diseases such as leukemia, 
lymphoma and reticuloses have also been 
considered as differential diagnostic possi- 
bilities.!>-76 


PRIMARY NEOPLASMS 


The first malignant tumor of the spleen 
diagnosed by angiography was described by 
Edsman® in 1954. He reported “many 
pathological vessels” in a tumor with the 
histological diagnosis of probable malig- 
nant endothelioma. Rösch in 1966 de- 
scribed a hemangiosarcoma of the liver also 
involving the spleen, where at angiography 
the arterial phase showed multiple irregular 
foci which remained filled in the capillary 
phase. Delorme eż al. in 1971 described 1 
case of anaplastic epithelial tumor and 1 
lymphosarcoma. They state that generally 
in malignant tumors of sarcomatous type, 
changes of arterial caliber, neovascularity, 
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Fic. 8. Primitive spleen. 
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Fic. 9. ‘“Pseudotumor’”’ of the spleen caused by axial 
projection of fundus ventriculi. 


thrombosis of the arteries and veins, and 
irregular staining may be seen. 

Angiography in a case of spindle-cell 
sarcoma of the spleen was described by 
Morissette ef a/.!° in 1973 (the same case 
also described by Baltaxe et al? in 1972). 
Draping of the vessels around a mass and 
sparse vessels were found in this case, in 
which the splenic vein was open. Our case 
of spindle-cell sarcoma presents a more 
malignant angiographic pattern with neo- 
vascularity, extensive arteriovenous shunt- 
ing, tumor staining, and occlusion of the 
splenic vein. 

A case of reticulum-cell sarcoma of the 
stomach with invasion of the spleen was 
investigated by Rösch” in 1966, who found 
compressed and amputated arteries, minute 
newly formed vessels in places, and sev- 
eral irregular defects in the capillary phase. 
Gould eż a/.!° in 1970 reported another case 
of reticulum-cell sarcoma with stretched 
vessels in the arterial phase and sharply 
demarcated radiolucent lesions in the capil- 
lary phase. Two of our reticulum-cell sar- 
comas displayed a somewhat different 
picture with more prominent neovascu- 
larity, encasement of arteries, and com- 
pression of veins, the splenic vein in I case 
being occluded. It seems justified to state 
that the diagnosis of malignant tumor can 
be established in these 2 cases, but not the 
nature of the lesion. In our third case of 
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Fic. 10. Pseudocyst of the pancreas with smooth 
impression of the spleen. 
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reticulum-cell sarcoma no tumor vessels 
were demonstrable, the only finding being 
displacement of vessels. 


METASTASES 


Splenic metastases were reported to oc- 
cur in 2-4 per cent in a large series of meta- 
static tumors.!!18:23 Abrams! in 1952, how- 
ever, reported an incidence of g per cent 
from neoplasms of epithelial origin and 45 
per cent from those of nonepithelial origin. 
No further confirmation of this high inci- 
dence has been found in a review of the 
literature. 

Kupic eż a/. in 1967 and Gould et a/.!° in 
1970 reported angiographically examined 
cases of metastatic melanomas showing 
neovascularity. Baltaxe eż al.? in 1972 had 1 
case with splenic metastases from a carci- 
noma of the stomach, where no neovascula- 
ture could be demonstrated. 

Delorme eż a/.® in 1971 state that the 
most common primary tumors giving sple- 
nic metastases are localized in breast or 
ovary, or are chorionepitheliomas. 

. In our cases with metastases there are 
2 renal carcinomas and 1 each of carcinoma 
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of the urinary bladder and of the uterine 
body. From such a small number of cases 
no conclusion regarding the frequency can 
be drawn. In our 4 cases only 1 showed the 
metastases to be poorly vascularized. 
Whether or not our findings reflect the real 
frequency of hypervascularized metastases 
cannot be judged, because poorly vascu- 
larized lesions may be easily overlooked, 
especially if they are small. 


SECONDARY GROWTH FROM ADJACENT ORGANS 


The angiographic demonstration of in- 
vasion of the spleen is of importance for the 
surgeon when planning an operation. Bal- 
taxe ef al? in 1972 reported invasion from 
the retroperitoneal space, angiographically 
appearing as a pseudocyst, but without 
sharp demarcation between the lesion and 
the surrounding parenchyma. Rösch? in 
1966 reported a case of a retroperitoneal 
solid anaplastic carcinoma with splenic in- 
vasion. In the arterial phase there was an 
avascular region with displaced arteries, 
some of them being amputated. In the 
capillary phase irregularly demarcated 
avascular foci were seen. In our material 
6 cases displayed encasement of arteries 
and in 3 of them tumor staining was evi- 
dent. In 1 case arteriovenous shunting was 
also demonstrable. Parasitic blood supply 
to the primary tumor was demonstrable 
only in one of the richly vascularized renal 
carcinomas, a tumor type where such sup- 
ply is common. 


DIFFERENTIAL DIAGNOSIS 


The findings at angiography of the spleen 
after trauma and in Hodgkin’s disease have 
been reported from the Department of 
Diagnostic Radiology in Lund.!%-1617 There- 
fore, we will not deal further with these dif- 
ferential diagnostic possibilities, but only 
make the comment that discrete intra- 
splenic hematomas possibly could be falsely 
diagnosed. The clinical history, however, 
should prevent that. 

The normal spleen may sometimes pre- 
sent a puzzling appearance. However, in 
these cases there are no changes in the ar- 
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teries or veins. Primitive spleen (Fig. 8) 
should not give any diagnostic difficulty. 
Accessory spleens have been described by 
Kaude" in 1973. He states that the acces- 
sory spleen at angiography is well defined 
and homogeneously loaded with contrast 
medium during the capillary phase, and 
that the accessory splenic artery and vein 
often are demonstrable. The accessory 
spleen does not cause any vessel infiltration 
or occlusion, and neoplastic vasculature 1s 
absent. The fundus of the stomach (Fig. 9) 
should not be misinterpreted as a splenic 
tumor. A pancreatic cyst (Fig. 10) produces 
a smooth, sharply demarcated impression 
on the spleen and the appearance does not 
suggest a splenic cyst. Pseudocysts of the 
pancreas impressing the spleen have been 
reported by Kupic eż a/. in 1967 and De- 
lorme eż al. in 1971. 

Osler’s disease is rare (Fig. 11), and the 
large aneurysms in different organs should 
make the diagnosis of splenic malignancy 
unlikely.*:? Infarction (Fig. 12) 1s suggested 
by the atheromatous arterial changes, 
which, however, sometimes might be misin- 
terpreted as encasement. The arterial col- 
laterals and the parenchymatous changes 
in the capillary phase confirm the diagnosis. 

Richly vascularized benign tumors, such 





Fic. 11. Osler’s disease in a 4g year old man. Wide 
left hepatic artery and smail splenic artery with 
aneurysms. 
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Fic. 12. Infarctions of the spleen in woman, aged 
69. Celiac angiography: Severe arteriosclerotic 
changes in main splenic artery and in hilum where 
there is an aneurysm. Collateral circulation from 
left gastric artery. Contrast defects in the periph- 
ery of the spleen. Histology: Severe arteriosclerosis 
and old infarctions of the spleen. 


as hamartomas, have been described by 
Wexler and Abrams” in 1964 and Rösch” 
in 1966. They reported numerous large 
tortuous vessels, and in 1 of the cases there 
was arteriovenous shunting. Diffuse en- 
largement of the spleen is seen in leu- 
kemia.!*?4 This condition as well as lym- 
phoma and reticulosis is rarely a diagnostic 
problem when consideration is given to 
history, clinical findings, and roentgeno- 
logic evidence of involvement of other 
organs. 


Jan Gothlin, M.D. 

Department of Diagnostic Radiology 
University Hospital 

S-221 85 Lund 

Sweden 
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THE “STARRY NIGHT” SPLENIC ANGIOGRAM* 


CONTRAST MATERIAL OPACIFICATION OF THE MALPIGHIAN BODY 
MARGINAL SINUS CIRCULATION IN SPLEEN TRAUMA 


By JAMES H. SCATLIFF,t OTIS N. FISHER,t W. BONNER GUILFORD,§ 
and WILLIAM W. McLENDON| 


CHAPEL HILL AND GREENSBORO, NORTH CAROLINA 


ABSTRACT: 


In traumatized human spleens, focal o.3—1 cm. areas of contrast material staining 
appear to represent the malpighian marginal sinus circulation. This circulation, 
when seen, is static or very slow moving. Extravasation of blood and contrast ma- 
terial also may be present in the marginal sinus network. The identification of diffuse 
or localized small areas of contrast material in the splenic angiogram of the trau- 
matized patient suggests splenic contusion, intrasplenic hematoma, or both. The 
splenic angiographic appearance described may be compared to the globular ap- 
pearance of stars, as depicted by van Gogh in his painting “The Starry Night.” 


NGIOGRAPHY of the traumatized 
spleen often reveals radiolucent de- 
fects compatible with intrasplenic or sub- 
capsular hematomas. The splenic angio- 
gram may also exhibit localized or diffuse, 
small, rounded shadows, which have been 
attributed to sinusoidal stasis or traumatic 
arteriovenous aneurysms.? The capillary 
phase of the study may be likened to van 
Gogh’s representation of stars in “The 
Starry Night” (Fig. 1).* 

In order to document the anatomical 
cause and study the significance of the 
shadows seen, the results of dog and human 
specimen studies are described. Four cases 
are presented which illustrate the splenic 
angiographic defects to be analyzed. 


REPORT OF CASES 


Case 1. C.A. This 15 year old girl was struck 
by the bow of a motor boat while water skiing. 
Roentgenograms demonstrated fractures of the 
left 8th, 9th and roth ribs. A falling hematocrit 


* With permission of Museum of Modern Art, 11 West 53rd 
Street, New York, N. Y. 10019. 


and the suggestion of splenic enlargement 
prompted splenic angiography. An area of 
avascularity and stretching of vessels was noted 
in the middle and upper aspect of the spleen 
(Fig. 2, 4 and B). Within this area were small, 
irregular collections of contrast material. The 





Fic. 
Starry Night” is reminiscent of stasis of contrast 
material in the malpighian body circulation of 
traumatized spleens. 


1. van Gogh’s representation of stars in “The 
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Fic. 2. Case 1. (4) Arterial phase of angiogram in 
traumatized spleen exhibits 3 mm.-5 mm. mottled 
collections of contrast material in the upper pole 
seen best through the gastric air shadow. Stretched 
vesse.s and avascular area were due to intrasplenic 
hematoma. (B) The venous phase shows persis- 
tence of small, rounded shadows of Opaque ma- 
terial in the injured upper pole. The lower pole of 
the spleen displays normal homogeneous staining. 


surgical specimen revealed an upper pole 
hematoma 3 cm. in diameter, as well as smaller 
adjacent hemorrhages. The histologic sections 
showed smaller hemorrhages in the spleen, some 
of which were in the red pulp while others ap- 
peared to surround the malpighian corpuscles. 
The lower pole of the spleen showed no abnor- 
mality. 


Case 11. V.M. This 19 year old female sus- 
tained a fractured acetabulum during an auto 
accident. During tlfe first hospital day, the 
patient’s symptoms included left shoulder and 
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left upper quadrant pain. A celiac arteriogram 
exhibited diffuse focal mottling in the spleen, 
which persisted in the venous phase of the 
study (Fig. 3, Æ and B), but there was no defi- 
nite avascular area. The moderate splenic en- 
largement and stasis of contrast material sug- 
gested splenic contusion. The patient’s vital 
signs remained stable, and her symptoms 
cleared. Splenectomy was not performed. The 
patient recovered satisfactorily, having a nor- 
mal pregnancy and delivery in the year after 
her accident. 


Case 11. J.M. This 27 year old farmer fell 
across a bucket, injuring his left lower ribs and 
abdomen. The spleen was enlarged, but the 
patient was a member of a family with known 
congenital familial jaundice. Splenic angiog- 
raphy confirmed marked enlargement of the 
spleen. There was splaying of arteries in the 
midportion of the spleen as well as the upper 
pole (Fig. 4). Radiolucent defects in these areas 
suggested the presence of hematoma. Diffuse 
mottled blushing was evident also, and there 
was questionable extravasation of contrast ma- 
terial in the central portion of the spleen. At 
surgery, a large bleeding laceration was found 
in the midportion of the spleen, associated with 
a hematoma in the upper pole. The spleen 
weighed 672 grams and was markedly con- 
gested. Histologic examination showed areas of 
diffuse hemorrhage effacing the normal splenic 
architecture. Smaller hemorrhages which sur- 
rounded the malpighian bodies (Fig. 8D) were 
also found. The cause of the diffuse splenic 
congestion, aside from possible trauma, could 
not be determined. No spherocytes to suggest a 
coincident hemolytic anemia were identified in 
blood smears. 


Case 1v. D.J. This 17 year old boy sustained 
severe trauma to the left upper quadrant and 
left shoulder during a fallin a wrestling match. 
Arteriography showed localized collections of 
contrast material as well as a radiolucent defect 
in the midportion of the spleen, compatible 
with a hematoma (Fig. 5). The spleen also ap- 
peared enlarged, probably due to generalized 
blood stasis. At surgery, the spleen was found 
to be lacerated centrally, and an intrasplenic 
hemorrhage approximately 1 cm. in width ex- 
tended through the entire thickness of the 
spleen at the level of the laceration. Histologic 
sections confirmed the major hemorrhage as 
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Fic. 3. Case 11. (4) Arterial phase of splenogram done for left upper quadrant trauma shows diffuse focal 
areas of contrast material staining. (B) Persistence of nodular staining suggested stasis of contrast material 
and blood in the malpighian body circulation secondary to spleen contusion. Surgery was not performed 


and patient made an uneventful recovery. 


well as scattered smaller hemorrhages which 
were primarily in the red pulp. 


VASCULAR ANATOMY OF THE SPLEEN 


In both the dog and the human, arterial 
ramification occurs throughout the trabec- 
ular framework of the spleen. As the ar- 
teries leave the trabeculae, they are in- 
vested by strands of lymphoid tissue. The 
arteries also become intimately associated 
with the lymphoid or malpighian bodies. 
This relationship was recognized over a 
hundred years ago, as illustrated in a draw- 
ing from the first edition of Gray's Anat- 
omy (Fig. 6). 

Of particular interest, and not well 
shown until recently by Ayers,! is the rich 
network of vessels that invest the malpi- 
ghian body. This network, as delineated in 
dog spleen injections (Fig. 7, A-E) and hu- 
man studies (Fig. 8, 7—D), has been termed 


the marginal sinus and seems to create a 
junctional circulation between the arteries 
within the malpighian bodies (white pulp) 
and the sinusoidal channels in the red 
pulp?! 

The network forms, with closely coiled 
vessels, a spheroidal vascular shell, the 
diameters of which may vary in the human 
spleen from 0.3 cm. to 1 cm. The arteries 
going through the malpighian bodies send 
vessels to the marginal sinus circulation. 
Some vessels in the marginal sinus appear 
to communicate directly with the red pulp 
sinusoids. The majority of vessels in the 
marginal sinus, however, make contact only 
with a surrounding syncytium of reticular 
cells through which red and white cells pass 
or are filtered. Janout and Weiss’ have sug- 
gested that lymphatic vessels are inter- 
twined with the arteriolgs of the malpighian 
bodies and marginal circulation, and this 
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Fic. 4. Case 111. Diffuse 3 mm.—s mm. in diameter 
opacities are seen in the lower two-thirds of a 
spleen subjected to blunt trauma. An avascular 
area due to hematoma is present in the upper pole 
(black arrows). Early filling of the splenic vein is 
seen (open arrow), suggesting that some of the 
splenic contrast material is in sinusoids as well as 
the malpighian body circulation. The enlarged 
spleen was thought to be due to vascular stasis 
secondary to contusion. 


has been shown histologically in lower 
species. 


DISCUSSION 


Spleen specimen injections, both in the 
dog and the human, suggest that small, 
rounded opacities seen in splenic angio- 
grams of the cases reported represent con- 
trast material in the marginal sinus circu- 
lation. As indicated in the histological sec- 
tions from Cases 1 and 111 (Fig. 8D), disrup- 
tion of the marginal sinus vessels secondary 
to trauma may permit local extravasation 
of contrast material. Most often, however, 
the mottling probably represents stasis of 
contrast material and blood in the marginal 
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sinuses due to adjacent hematoma forma- 
tion, spleen contusion, or hypotension. The 
possibility that contrast material pools or 
leaks out of fragmented sinusoids also 
exists, as suggested by Brindle.? 

A survey of over 50 celiac axis arterio- 
grams done in patients with no history of 
trauma did not demonstrate the mottled 
opacification described. In the normal hu- 
man spleen, contrast material appears to 
flow rapidly into the sinusoidal circulation, 
producing homogeneous opacification of 
the organ. This can also be seen in Case 1, 
wherein homogeneous staining of the nor- 
mal lower pole of the spleen occurred, while 
the traumatized upper pole exhibited focal 
collections of contrast material. 

Brindle? has shown convincing evidence 





D l 

3 i : Ry- 

Fic. §. Case 1v. The arrows denote localized collec- 
tions of contrast material in the central aspect of 
the spleen. A radiolucent defect in this area coin- 
cided with a splenic laceration and hematoma. 
The upper pole of the spleen presents broad areas 
of mottling, which are probably a variant in the 
normal splenic angiogram due to prominent 
trabeculae in the organ. 
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The “Starry Night” Splenic Angiogram 


Fig. 325.—The Malpighian Corpuscles, and their Relation with the Splenic Artery 
and its Branches. 


~ 





Fic. 6. An artist’s representation of the malpighian bodies from the first edition of Gray’s Anatomy (1858) 
emphasizes the vascular networks in the bodies and their relationship to the splenic arterial branches. 


that arteriovenous aneurysms occur in the 
traumatized spleen. These have relatively 
sharp margins, however, resembling con- 
genital aneurysm formation® or the aneu- 
rysms associated with periarteritis nodosa,’ 
which can occur in the spleen. The mottled 
shadows of apparent stasis of contrast ma- 
terial in the malpighian circulation have 
less distinct margins than those seen in 
aneurysms. 

Although the histological studies of our 
cases did not show definite traumatic ar- 
teriovenous fistulae within the malpighian 
bodies, it is reasonable to assume that they 
may occur. Abnormal shunting through 
this circulation could be responsible for the 
early venous filling seen in Case 111 in the 
absence of arteriographic evidence of trau- 
matic aneurysm or fistula formation. 


It is of interest that primary or secondary 
malignant involvement of the spleen will 
also produce a mottled appearance in the 
splenic angiogram. Rösch!’ has shown sev- 
eral examples of focal blushing of metasta- 
ses in the spleen. A “‘cerebriform”’ staining 
of the spleen infiltrated by Hodgkin’s dis- 
ease has been described by Markovits et 
al,’ A series of 33 cases of Hodgkin’s 
disease? studied with splenic angiography 
exhibited a mottled appearance in 10 pa- 
tients with histologically proved tumor in 
the spleen. In 12 patients in the same series, 
mottling was present and no tumor was 
found. The mottled areas in this case series 
appeared to be of greater caliber than those 
seen in the traumatized spleens we have 
observed. The speculation, however, that 
marginal sinus circulation has become the 


Scatliff, Fisher, Guilford and McLendon 


SEPTEMBER, 1975 





Fic. 7. In vitro arterial injections, canine spleen. (4) Roentgenogram of spleen shows diffuse ringlike shadows 
3-4 mm. in diameter. (B) Microradiograph (tissue specimen 3 mm. thick) shows spheroidal nature of the 
vascular networks associated with malpighian bodies, confirmed histologically. (C) A thinner section (1 
mm.) brings out relationship of small arteries with vascular networks of malpighian bodies. (D) Corrosion 
cast* of another dog spleen has been photographed with a dissecting microscope at 15 X magnification. 
Arrows show angioarchitecture of 4 malpighian bodies. Intervening cast material is in splenic sinusoids. 
(E) A 25X magnification of two malpighian marginal sinus vascular networks. The spheroidal shell-like 


distribution of vessels in the malpighian body (left 


arrow) is seen. The arrow on the right denotes a mal- 


pighian body which has been cut through its center. Spoke-like vessels from a central artery appear to 


radiate to the marginal circulation. 


* Prepared with Microfil, Canton Biomedical Products, Inc., P. O. Box 2017, Boulder, Col. 80302. 


core blood supply for tumor deposits in the 
spleen is intriguing. Specimen injection and 
roentgenography might well shed further 
light on this question. It is suspected that 
in normal splenic tissue, where broad areas 
of mottling are present, the trabeculae are 
prominent and hawe produced compart- 
mentalization of the sinusoids (Fig. 4). 

The teleological aspects of the splenic 


marginal sinus circulation are of interest. 
The angioarchitecture of these structures is 
reminiscent of the renal glomerulus. Weiss"! 
has suggested that both vascular units, i.e., 
the marginal sinus and the glomerulus, 
serve as “‘plasma-skimming structures.” 
Since plasma flows at a faster rate in the 
peripheral portion of a blood vessel lumen, 
it is more likely to be skimmed off in the 
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Fic. 8. (4) Microradiograph of a human i vitro spleen injection exhibits contrast material in marginal sinuses 
associated with malpighian corpuscles. Arrows denote corpuscles that are well outlined in upper and lower 
poles. The specimen is 1 cm. thick. (B) Close up (3X magnification) of specimen brings out mottled ap- 
pearance of contrast material in marginal sinuses to good advantage and relationship of malpighian bod y— 
marginal sinus circulation to intrasplenic arteries. (C) 4 10 u histological section from same spleen (100 X 
magnification) shows barium in a marginal sinus (homogeneous gray shadows) argund dark staining cells 
which constitute the malpighian body. (D) 4 10u section (100X magnification) from Case 111 shows extrava- 
sation of blood around and in a malpighian body (arrows). Marginal sinus disruption appears to be the 
cause for the hemorrhage. 
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multiples of right angle vessels in the 
marginal sinus and returned to splenic 
veins or the lymph circulation. 


The intimal surface in the marginal ves- | 


sels is also very irregular. This surface, 
which is amplified in a network of vessels 
(the marginal sinus), may impose mechani- 
cal trauma on red cells, making the older 
cells more fragile and increasing the likeli- 
hood of their being destroyed by macro- 
phages in the splenic sinusoids. 


James H. Scatliff, M.D. 

Department of Radiology 

University of North Carolina 
School of Medicine 

Chapel Hill, North Carolina 27514 
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EXPERIMENTAL USE OF PROSTAGLANDIN Ei IN 
NONOCCLUSIVE MESENTERIC ISCHEMIA* 
By L. JOHN DAVIS, M.D.,t JAMES ANDERSON, Ps.D., SIDNEY WALLACE, M.D., 


and E. D. JACOBSON, M.D. 
HOUSTON, TEXAS 


ABSTRACT: 


Nonocclusive mesenteric ischemia was produced in dogs by intraarterial infusion 
of digoxin and by hemorrhage of $ of total blood volume. Both methods produced 
a substantial drop in the superior mesenteric arterial blood flow rate. In each case, 
a superior mesenteric arterial infusion of 0.1 ug./kg. per minute of prostaglandin E, 
allowed the blood flow rate to increase to above the control level without signifi- 
cantly altering heart rate or systemic arterial pressure. The improved arterial blood 
flow rates were accompanied by a reversal of the diffuse mesenteric vasoconstriction 
that was seen in the ischemic state. These findings were demonstrated by superior 
mesenteric arteriography performed prior to and following the production of 
mesenteric ischemia and again following the infusion of prostaglandin Fi. 


MESENTERIC infarction is a signifi- 
cant cause of death in elderly pa- 
tients. Acute mesenteric ischemia from all 
causes has been reported with increasing 
frequency during recent years.52%21,.32 A 
variety of factors other than occlusion of 
the mesenteric vasculature contributes to 
intestinal ischemia.‘-®7-2 Over soo cases of 
ischemic necrosis of the bowel in the ab- 
sence of arterial or venous obstruction have 
been reported since 1943." The relative 
frequency of this form of ischemic necrosis 
has now risen to over 50 per cent of all 
reported cases,*7!:4 

The reported cases of nonocclusive mes- 
enteric ischemia have most often occurred 
against a background of cardio-circulatory 
compromise such as following acute myo- 
cardial infarction, severe congestive failure, 
cardiac arrhythmias, dehydration and hem- 
orrhagic shock.™1%17.21:22 Tt is known that 
digitalis preparations are potent vasocon- 
strictors in the mesenteric circulation, ®1435 
and clinical and experimental studies have 
indicated that digitalis preparations are 
implicated in worsening if not precipitating 


nonocclusive mesenteric ischemia. !*:15.18.21,38 
A theoretical chain of events has been pro- 
posed to explain the pathophysiology of 
nonocclusive mesenteric ischemia.!® It is 
felt that once the ischemic process begins, 
a vicious cycle of events progresses pre- 
dictably to complete bowel death unless | 
the mesenteric vasospasm is reversed.’ ` 

Since no occlusion exists in the major 
vessels, this form of the disease. is not 
readily amenable to surgical correction. At 
present, the mortality rate for nonocclusive 
mesenteric ischemia approaches 100 per 
cent. There has been no effective mode of 
therapy in the past, but some recent ex- 
perimental and clinical reports have indi- 
cated that the local intraarterial infusion of 
vasodilators may be effective in reversing 
mesenteric vasospasm and improving the 
prognosis. !5-7:%.31 The vasodilators which 
have been used for this purpose include 
phenoxybenzamine, tolazoline and papav- 
erine. . 

All observers agree that early diagnosis is 
essential if improved survival rates are to 
be achieved. It is therefore important to 
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perform early angiography on any patient 
suspected of suffering from acute mesen- 
teric ischemia. Angiography can determine 
if emergency surgery is necessary to allevi- 
ate a major vascular occlusion and it is the 


only currently available method for estab- 


lishing the diagnosis of nonocclusive mes- 
enteric ischemia.!:4~6 8.82.38 Once the clinical 
and angiographic diagnosis of nonocclusive 
mesenteric ischemia has been made, it is 
possible to begin an immediate therapeutic 
infusion of a vasodilating substance di- 
rectly into the involved mesenteric arterial 
bed through the angiographic catheter. 

Since, in the clinical situation, the pa- 
tients most often present 's elderly, acutely 
ill individuals in a setting of shock or car- 
diac dysfunction, the ideal vasodilating 
agent would be one which is potent and 
rapid acting but which does not further 
compromise systemic hemodynamics. Clin- 
ical and experimental studies have shown 
that prostaglandin Fi, with its rapid re- 
moval from the circulation by the liver and 
lungs, is such an agent.?%11,28,26,29,80 

In the present study an attempt was 
made to produce an accurate experimental 
model of nonocclusive mesenteric ischemia. 
Hemorrhagic shock and digoxin were used 
alternately to produce mesenteric vasocon- 
striction. Prostaglandin E, was then physi- 
olegically and angiographically evaluated 
as to its ability to reverse the mesenteric 
vasospasm without significantly altering 
systemic hemodynamics, 


MATERIAL AND METHOD 


‘Ten mongrel dogs ranging in weight from 
18 to 25 kg. were anesthetized with intra- 
venous sodium pentobarbital. Under fluoro- 
scopic control,a No. 7 Fr. catheter was intro- 
duced through the right femoral artery, and 
its curved tip was placed in the origin of 
the superior mesenteric artery proximal to 
its first branch. An open-ended No. 8 Fr. 
catheter was tied in the left femoral artery 
and connected to a pressure transducer. A 
multichannel recorder was used to con- 


e tinuously record systemic arterial pressure 


and heart rate (Fig. 1). When angiography 


r 
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was not in progress, an infusion pump was 
used to constantly deliver normal saline or 
normal saline plus a drug through the 
angiographic catheter at a rate of.1.25 cc. 
per minute. The animal was: allowed to 
breathe room air and stabilize for a mini- 
mum of 15 minutes prior to initiating each 
experiment. In addition, at least 15 minutes 
stabilization waa allowed between each ex- | 
perimental period. Data were collected for 
each of the 7 experimental periods: 


I. Control: following the infusion of 
1.25 cc. of normal saline per minute 
into the superior mesenteric artery 
for a minimum of 15 minutes. 

2. Digoxin: following infusion of 15 
pe./min. digoxin in 1.25 cc. saline per 
minute into the superior mesenteric 
artery for a minimum of 15 minutes. 

3. Digoxin and Prostaglandin Fı: follow- 
ing the superior -mesenteric arterial 
infusion of o.t ug./kg. per min. of 
PGE, with 15 pg. digoxin in 1.25 ce. 
saline per minute for 5 minutes 
(digoxin alone was infused for an addi- 
tional 15 minute stabilization period 
prior to beginning test period 3). 

4. Post Digoxin Control: following the 
cessation of the digoxin+PGE, in- 
fusion and subsequent intraarterial in- 
fusion of 1.25 cc. normal saline per 
minute for a minimum of 15 minutes. 

5. Post Hemorrhage: a minimum. of 15 
minutes following the completion of a 
hemorrhage of 2.5 per cent of body 
weight (approximately 4 of the circu- 
lating blood volume), while continu- 
ing the infusion of saline into the 
superior mesenteric artery at 1.25 cc. 
per minute. 

6. Post Hemorrhage+ Prostaglandin Ei: 
following the superior mesenteric ar- 
terial infusion of 0.1 wg./kg. per min. 
of PGE, in 1.25 cc. of saline per min- 
ute for § minutes beginning no sooner 
than 30 minutes after completion of 
the above hemorrhage (period 5). 

4. Post Hemorrhage Control: following 
the intraarterial infusion of 1.25 cc. 
normal saline per minute for a mini- 
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Fic. 1. Experimental preparation. 


mum of 15 minutes subsequent to the 
cessation of the above PGF, infusion 


(period 6). 


Superior mesenteric angiography was 
carried out at the end of each of the above 
experimental periods with the exception of 
periods number 4 and 7. For all arterio- 
graphic studies, the sequential filming was 
carried out at 4/second for 3 seconds, o for 
3 seconds and then 1 for 12 seconds. The 
approximate superior mesenteric arterial 
blood flow rate was determined by a modi- 
fied angiographic reflux method.??!8 An in- 
jector was used which automatically and 
continuously increased the rate of injection 
of contrast medium during the entire injec- 
tion. A synchronous rate indicator was pro- 
jected on the angiographic films so that the 
rate of injection at the time of each expo- 
sure during the arterial phase could be de- 
termined, When necessary, the indicated 
diastolic and systolic reflux flow rates were 
averaged (Fig. 2). Each angiographic ex- 
amination in a given animal used identical 
positioning, roentgenographic factors, film 


sequencing and total volume of contrast 
material injected. In addition to determin- 
ing the approximate superior mesenteric 
arterial flow rates by reflux, the 5 angio- 
graphic studies were also compared for evi- 
dence of mesenteric vasospasm, #.¢., slowing 
of flow with decreased rate of filling of 
peripheral branches, narrowing and abnor- 
mal tapering of major intestinal branches, 
spasm and impaired filling of intestinal 
arcades, and decreased bowel wall staining.’ 
Just prior to each angiographic examina- 
tion and at the end of test periods 4 and 7, 
multiple determinations of systemic arterial 
pressure and heart rate were recorded. 


RESULTS AND DISCUSSION 


A sign test’ was applied to the reflux 
arterial blood flow rate data and it was 
found that the superior mesenteric arterial 
blood flow rate (SMAQ) decreased signifi- 
cantly from control levels following both 
intraarterial digoxin infusion and hemor- 
rhage (p<.o1). The average decrease if 
SMAQ following intraarterial digoxin was 
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Fic. 2. Arterial phase showing reflux determin- 
ation of superior mesenteric arterial blood 
flow rate in the control state. The indicated 
flow rate is 4.0 cc./sec. (average of diastolic 
and systolic variation). 





26 per cent and the average decrease in teria digoxin and hemorrhage (p <o.1). 
MAQ following hemorrhage was 45 per Prostaglandin E, produced an average in- 
cent (Fig. 3). Similarly, the prostaglandin crease in SM Q of 205 per cent over the 
a Infusions signifigantly increased SMAQ rates seen fo owing intraarterial digoxin; 
from the levels seen following the intraar- prostaglandin E, also produced an average 
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increase in SMAQ of 228 per cent over the 
rates seen following hemorrhage (Fig. 3). 

The reduction in superior mesenteric ar- 
terial blood flow rates produced by digoxin 
or hemorrhage was accompanied by nar- 
rowing of major arterial branches and de- 
creased filling of peripheral branches. These 
angiographic changes were reversed by the 
prostaglandin E, infusions. In addition, the 
superior mesenteric arterial blood flow rate 
also returned to equal or above the control 
rates (Fig. 4; and 5). In the late arterial 
and early venous phases of the angiograms 
it was found that the peripheral arterial 
arcades were not well filled and that the 
bowel wall stain was lost when the su- 
perior mesenteric arterial blood flow rates 
fell due to experimentally induced mesen- 
teric vasospasm. When the vasospasm was 
reversed by prostaglandin E, allowing the 
mesenteric arterial blood flow to return to 
normal, bowel wall staining reappeared and 
filling of peripheral arterial branches im- 
proved (Fig. 6). 

The ranked means for systemic arterial 
blood pressure and heart rate data were 
compared for each treatment period at the 
0.0§ significance level using Scheffe Con- 
trasts.24 The prostaglandin E, infusion 
caused no statistically significant rise in 
heart rate when given following hemor- 
rhage. While the prostaglandin E; did pro- 
duce a statistically significant drop in sys- 
temic arterial blood pressure following both 
hemorrhage and digoxin infusions, the de- 
gree of change was small and did not per- 
sist after the prostaglandin E, was discon- 
tinued (Table 1). A significant increase in 
the heart rate was observed in association 
with the prostaglandin E, infusion follow- 
ing intraarterial digoxin, but again the 
effect did not persist after the prostaglandin 
E, infusion was discontinued (Table 1). 

The data from a single representative 
dog are illustrated in Figure 7. The angio- 
grams illustrated in Figures 2, 4 and 5 were 
also from this animal. 

Although no data are presented for the 
superior mesenteric arterial flow rate for 
test period 4 (post digoxin+ PGE, control) 
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Fic. 3. (4) Average decrease from the control rate 
of superior mesenteric arterial blood flow following 
digoxin infusion or hemorrhage. (B) Average in- 
crease in the superior mesenteric arterial blood 
flow rate when PGE, was given following digoxin 
infusion or hemorrhage. 


and test period 7 (post hemorrhage+ PGE, 
control) it can be assumed that the mesen- 
teric arterial flow rates returned to their 
pre-digitalis and pre-prostaglandin E, levels. 
This assumption is supported in part by the 
fact that the heart rate and systemic blood 
pressure returned to their original levels. 
The assumption was further confirmed in 
our laboratory by repeating the same series, 
of experiments on two more dogs while 
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Fic. 4. Early arterial phase: (4) control, flow 
rate of 4.0 cc./sec.; (B) post digoxin infusion, 
flow rate of 2.5 cc./sec.; (C) post digoxin plus 
PGE, infusion, flow rate of 8.0 cc./sec. Also 
note the narrowing of the major arterial 
branches produced by digoxin and the return 
to normal caliber following PGE). 
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Fic. 5. Early arterial phase: (4) control, flow 
rate of 4.0 cc./sec.; (B) post hemorrhage, flow 
rate of 1.8 cc./sec.; and (C) post hemorrhage 
plus PGE, infusion, flow rate of 7 cc./sec. 
Also note the narrowing of the major arterial 
branches produced by hemorrhage, and the 
return to normal caliber following PGE). 
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Fic. 6. Late arterial phase: (4) note peripheral] 
branches and bowel wall staining on control 
angiogram; (B) loss of definition of peripheral 
branches and bowel wall staining following 
hemorrhage; and (C) following the PGE, in- 
fusion, bowel wall staining reappeared and 
filling of peripheral arterial branches im- 
proved. 


6 
. TABLE I 
MEAN VALUES FOR SYSTEMIC ARTERIAL BLOOD PRESSURE AND HEART RATE RANKED IN ASCENDING ORDER 
Mean Systemic Arterial Pressure ( SAP ) 


/ | (Ranked means (S—Method) on treatments at the 0.05 significance level) 


Hemorrhage | 15 minutes | Initial 15 minutes Digoxin 
+ Post Control | Post Cessation | Infusion 
PGE, Hemorrhage | Control of Digoxin & 


15 minutes l PGE, 
after PG Ey | (prior to 
stopped — Hemorrhage) 





109.9 118.0 | 118.0 1348 1388 ° 1407 144.5 


et i aae aia Vaai ed 
not not 
K statistically statistically 
different different 


Mean Heart Rate 
(Ranked means (S—Method) on treatment at the 0.05 significance level) 





Initial | 15 minutes | Digoxin | Digoxin | 15 minutes Post | | Hemorrhage 
; Control Post Infusion _+ Post Hemorrhage + 
-( . Cessation of PGE, Hemorrhage | Control PGE, 
PGE, & . 15 minutes . 
Digoxin post PGE, 
(prior to stopped 
Hemorrhage) 
148 150 156 180 184 184 187 
et i a ce cl 
not | not | 
statistically statistically 
different different 
a a 
4 not : 
-statistically 
different 
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_ Fre. 7. Effect of digoxin, digoxin plus PGE, hemorrhage, and hemorrhage plus PGE; on superior mesenteric 
arterial blood flow, systemic arterial pressure, and heart rate. (Dog No. 3A-748.) 


continuously monitoring the superior mes- 
enteric arterial blood flow rate with an elec- 
tromagnetic flow probe. Other investigators 
have also reported that the effects of pros- 
taglandin E, in this dose range are tran- 
sient.26-29 . | 

Potentially, prostaglandin E, may be 
superior to some of the vasodilators cur- 
rently being considered for use in treating 
nonocclusive mesenteric ischemia, since the 
desired local effects can be obtained with- 
out greatly altering systemic hemody- 
namics. A comparative experimental study 
showed that the intramesenteric arterial 
Administration of “prostaglandin E: pro- 
duced relatively fewer systemic hemody- 


namic changes than were observed with 
other vasodilators.” A recent clinical study 
confirmed that good local vasodilatation 
could be obtained in the peripheral vascular 
circulation with very low intraarterial doses 
of prostaglandin E, without producing ad- 
verse side effects.!° The lack of a noticeable 
systemic hemodynamic effect from the in- 
tramesenteric use of prostaglandin EF, is 
explained in part by the rapid removal of 
the drug from the circulation by the liver 
and lungs,*-3° and in part by the low doses 
required to produce the desired local effect. 


SUMMARY 
This preliminary study suggests that due 


Vor. 125, No. 1 
to its potent vasodilator effect and rapid 
disappearance from the blood stream. 
coupled with its known anti-platelet-aggre- 
gating properties, the intraarterial infusion 
of prostaglandin E, merits consideration 
as a possible mode of therapy in nonocclu- 
sive mesenteric ischemia. . 

Five minute infusions of 0.1 pg./kg. per 
min. prostaglandin E, satisfactorily re- 
versed mesenteric arterial vasospasm which 
had been experimentally induced by dig- 
oxin or hemorrhage. The reversal of vaso- 
spasm was accompanied by a return to nor- 
mal in the angiographic appearance of the 
superior mesenteric vascular bed and a re- 
sumption of a normal superior mesenteric 
arterial blood flow rate. 

These effects were accomplished with 
only minor alterations in systemic hemo- 
dynamics. 
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SUPERIOR MESENTERIC ANGIOGRAPHY AND BLOOD 


FLOW FOLLOWING INTRA-ARTERIAL INJECTION 
OF PROSTAGLANDIN F..* 
By HANS DENCKER, M.D.,t JAN GOTHLIN, M.D.,t PAVO HEDNER, M.D.,§: 
ANDERS LUNDERQUIST, M.D.,t CLAES NORRYD, M.D. t 
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ABSTRACT: 
The effect of intra-arterially administered prostaglandin F;,(PGF:,) on venous 


demonstration in angiography of the superior mesenteric artery was compared to 


that of bradykinin in 10 patients, and the flow increase in this vessel following 
PGF. was measured by a dye dilution technique in another 8 patients. 

The angiographic demonstration of veins was similarly improved by the 2 drugs, 
the effect of 60 ug. of PGF, being roughly equivalent to that of 10 ug. of brady- 
kinin. The loss of arterial detail was less marked after PGF;, which, however, had a 


longer duration of action. The flow studies indicated that 80 ug. of PGF... increased 


the superior mesenteric blood flow 103416 per cent. There was no influence on 
blood pressure or pulse rate. The patients experienced a sensation of warmth in the 
abdomen for a few seconds following the injection of the drugs, but no other side 


effect was noted. 


1 


It is concluded that PGF; causes a rapid increase of the superior mesenteric blood 
flow in man making it suitable for pharmacoangiography of this vascular bed. 


cB prostaglandins form a group of 
biologically active fatty acids that have 
been found in many tissues in man and ani- 
mals. They are thought to be involved in 
several regulatory mechanisms but their 
eventual physiological role is not known. 
Exogenously administered prostaglandins 
principally affect glandular tissue and 
smooth muscle cells, among them vascular 
smooth muscle, As a rule, prostaglandins of 
the E and A series relax most vascular beds, 
reduce the total peripheral vascular re- 


sistance, and have been observed to pro~ 


duce a blood pressure fall despite an in- 
creased cardiac output.!4.7 Among the pro- 
staglandins of the F series, prostaglandin 
F,.(PGF;,) produces practically no change 
in blood pressure or heart rate in man in 
doses that produce marked effects on gas- 
trointestinal or uterine smooth muscle, 
However, even if the effect of PGF,, on the 
total peripheral vascular resistance in man 
is negligible, it is possible that it can pro- 


duce a redistribution of the peripheral 
blood flow, and after infusion of PGF,, into 
the brachial artery in man, an increase of 
the forearm blood flow has been observed." 
Therefore we included intra-arterially ad- 
ministered PGF,, in a study of substances 
capable of producing an increase in the 
mesenteric blood flow of the type that is 
desirable in diagnostic arteriography. 


MATERIAL 


The effect of PGF,, during angiography 
was investigated in 10 patients, and mea- 


surement of its effect on the superior 


mesenteric blood flow by a dye dilution 
technique was performed in another 8 pa- 
tients. 

Angiography. Angiographic examination 
of the superior mesenteric artery was per- 
formed in 4 males and 6 females, aged 31-67 
years, Their eventual diagnoses were liver 
cirrhosis with portal hypertension (3), pan- 
creatic pseudocyst (2), hypertension (2), 

: ® 
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carcinoma of the choledochal duct (1), 
carcinoma of the pancreas (1), and unclassi- 
fied hematuria (1). The patients came for 
examination because of suspicion of liver 
metastasis, a suspicion that was not verified 
by angiography, liver scintigraphy, or sub- 
sequent operation. 

Flow Studies. Determination of the supe- 
rior mesenteric blood flow was performed in 
6 women and 2 men, aged 65-78 years. Two 
of the patients had been operated upon 1 
and 3 years previously with abdomino- 
perineal amputation of the rectum because 
of rectal carcinoma. Three of the patients 
had rectal carcinoma and the remaining 3 
patients carcinoma of the descending colon. 
None of these patients proved to have any 
tumor changes within the range of the 
superior mesenteric artery. 


METHOD 


Angiography. Catheterization of the su- 
perior mesenteric artery was made ofa the 
femoral artery using the Seldinger tech- 
nique. A catheter with 2 side-holes and 
OD/ID 2.2/1.4 mm. was used. The con- 
trast medium was injected with a pressure 
regulated syringe. Films were exposed with 
1 film per second for the first 2 seconds, 2 
films per second for 5, and another 4 films 
during 8 seconds. 

The time between the start of injection 
and appearance of contrast medium in 
veins draining the jejunum and the ileo- 
cecal area was evaluated as well as the 
degree of maximal density of the venous 
filling. Moreover, the degree’ of reflux of 
contrast medium into the aorta at the time 
of the injection was estimated. 

The drug to be tested was diluted in Io 
ml. of saline. Bradykinin was always in- 
jected as a bolus followed immediately by 
the contrast injection. The PGF: was ad- 
ministered as a bolus in 5 patients, and in 
another 5 patients was slowly infused dur- 
ing 2 to 4 minutes; after a pause of 60 sec- 
onds this was followed by contrast injection. 

Flow Studies. One to 2 days before the in- 
vestigation the umbilical vein was opened 
with a probe under local or general anes- 
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thesia. A soft PVC catheter was introduced 
into the left branch of the portal vein and 
was kept patent by constant infusion of 
heparinized saline. After an overnight fast 
transumbilical portography was performed 
and was followed by measurements of the 
blood flow with the patient supine. During 
fluoroscopy the soft PVC catheter was re- 
placed by a radiopaque catheter with 4 
side-holes within 1.5 cm. from the curved 
tip. This catheter was placed in the supe- 
rior mesenteric vein distal to the opening of 
the splenic and inferior mesenteric veins 
and proximally to the gastrocolic trunk and 
the first jejunal branch. The superior 
mesenteric artery was catheterized from 
the femoral artery with the same ‘type of 
catheter with 2 side-holes. 

The superior mesenteric blood flow was 
determined with a dye dilution technique. 
Indocyanine green (Cardiogreen; Hynson, 
Westcott & Dunning, Inc., U.S.A.) was 
given as a bolus injection into the superior 
mesenteric artery. During the sampling 
period blood from the superior mesenteric 
vein was continuously drawn through a 
spectrophotometer and the concentration 
curve was monitored on a potentiometer 
recorder. The catheterization and measur- 
ing techniques have been described in de- 
tail elsewhere. | 

The superior mesenteric blood flow was 
calculated according to the Stewart-Hamilton 
formula as described by Lingardh e¢ al.” All 
investigations were started by determina- 
tion of the superior mesenteric blood flow at 
rest based on 3 to 4 dye dilution curves. 
PGE in a dose of 80 ug. dissolved in 10 ml. 
saline was injected into the superior mesen- 
teric artery immediately after which the 
blood flow was repeatedly determined at 
different intervals. The appearance time 
and the mean transit time, in seconds, were 
determined with the method of Göthlin and 
Olin." The vascular volume was estimated 
by multiplying the mean transit time in 
seconds by the blood flow in ml./seconds. 

The portal venous pressure, in cm. H:O, 
was recorded by*an open manometer con- 
nected to the superior mesenteric vein 
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catheter. The midaxillary line with the pa- 
tient in the supine position was taken as the 
baseline. 


RESULTS 


Angiography. A bolus of either 10 or 20 
ug. of PGF.,, injected 60 seconds before 
contrast medium injection, improved an- 
giographic demonstration of the veins 
markedly in those 2 patients in whom it 
was compared with angiography without 
drug. Veins of the jejunum as well as those 
of the cecum appeared earlier. Regurgita- 
tion to the aorta, which was present in 1 
patient on the injection not preceded by 
drug, was decreased. 

The effect of PGF... was similar to that of 
bradykinin. The time of appearance of con- 
trast medium in jejunal as well as ileocecal 
veins was shortened and the density of the 
contrast medium in the superior mesenteric 
and portal veins was high. The effect of the 
dose of 28 ug. of PGF;,. corresponded well 
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to that of 5 ug. of bradykinin and 60 ug. 
well to that of 10 ug. of bradykinin. (Fig. 1, 
A and B). Further increase of the dose of 
PGF,, to 80 ug. was tried in 1 patient but 
did not further improve venous density. 
Among 5 patients in whom a dose of 60 ug. 
of PGF, was compared with 10 yg. of 
bradykinin, the venous appearance time 
was shorter after PGF,, in 2 patients, and 
after bradykinin in 2; it was the same in I. 
The density of the contrast medium in the 
veins was considered higher after PGF 2. in 
3 patients, higher after bradykinin in 1, and 
similar in 1. The differences were, however, 
small. The flow changes were reflected cor- 
respondingly in diminished reflux of con- 
trast medium to the aorta (Table 1). 

The injection of PGF:, in doses used by 
us did not cause any significant changes in 
the blood pressure or heart rate. At higher 
doses a few patients had a sensation of 
warmth in the lower abdomen. Some 
colicky pain of short duration was also ex- 





Fic. 1. Pharmacoangiography of the superior mesenteric artery in a woman 58 years old. (4) Venous phase 
after 10 ug. bradykinin and 40 ml. Isopaque Coronar. (B) Venous phase after 80 ug. PGF. and 40 ml. 
Isopaque Coronar. The density of the contrast medium in the veins after PGF 2,eis similar to that afteg 
bradykinin. 
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TABLE I 


RESULTS OF SUPERIOR MESENTERIC ANGIOGRAPHY AFTER PROSTAGLANDIN Fee AND BRADYKININ IN IO PATIENTS 





























B Drug Dose oa (arecuen aes Time | 
ment of Rate Contrast; Aortic 
No. PGE Be Con. | (al./ Jejunal | Heocecal Density | Reflux 
ae trast | 8C) Veins | Veins 
E eo) E e E 84 | 14 F Bj 
10 40 | 14,2 4s 4 44 | t+ = 
2 mig Ha 50 II,§ 13,2 13,2 (+) ae 
2 | — | go | mys | 7, 76 | ++ | + 
3 mat 5 60 20 7,6 6, 4 q = 
28 _ 60 2I 9,6 6,4 +-+ -}- 
4 | — | 10 | 50 5,6 5,6 + — 
32 — 50 6, 4 6, 4 (+) +F 
5 — 10 60 4,0 —-- +-+ — | PGEn infused during 4 min. 
6 — I0 50 10, 4 8,0 + ++ | PGF infused during 2 min. 
60 na 50 6,2 5,8 se oe 
7 | — | 10 | 50 6,5 6,5 (+) | ++ | PGF infused during 2 min. 
60 — 50 6,0 6,0 |. -- (+) 
8 — 10 50 15,0 8,5 10, 6 + — | PGF infused during 2 min. 
60 | — | 50 | 15,0 554 54 | ++ = 
9 —- 10 50 12,5 s4 — ++ — | PGF infused during 2 min. 
60 — 50 13,0 6, 6 — ++ — 
10 — I0 40 12,8 43 | 5,6 +--+ + 
80 oe 40 13,5 5,6 5,6 HF F 


perienced by some patients. These local 
sensations are familiar from the use of 
bradykinin. 

Flow Studies. The superior mesenteric 
blood flow (SMBF) averaged 710 ml./min. 
(range 535-985 ml./min.) during the con- 
trol period with the patients at rest after 
fasting. Injection of a bolus of 80 ug. PGF za 
into the superior mesenteric artery caused 
a rapid increase in the superior mesenteric 
` blood flow (Fig. 2; and Table 1). A mean 
maximal flow increase of 103 +16 per cent 
above the control value was reached 2 
minutes after the injection, which deviated 
significantly from the normal blood flow 
(b <o.001). During’ the following 10 min- 


utes the flow gradually decreased to a value 
about 40 per cent above the resting flow, 
and even 40 minutes after the drug injec- 
tion the flow was slightly increased. 

The mean values of the appearance time, 
mean transit time, and vascular volume are 
given in Table ur. The appearance time 
and the mean transit time decreased 
promptly with the increase in flow. At the 
time of maximal flow increase the initial 
values had decreased by 33 and 43 per cent, 
respectively, and these differed significantly 
from the control values (p<o.o1). The 
estimated vascular volume increased gradu- 
ally from a mean resting value of 240+42 
ml. to 290+ 60 ml. by the time of maximal 
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Fic. 2. Increase in superior mesenteric blood flow (SMBF) after injection of 80 ug. PGE into the superior 
mesenteric artery. The curve represents mean values (+ standard error in 8 patients). The arrow denotes 
the injection of PGFza. 


Tase II 


SUPERIOR MESENTERIC BLOOD FLOW (ML./MIN.) AFTER A BOLUS OF 80 UG. PROSTAGLANDIN Fag INTO 
THE SUPERIOR MESENTERIC ARTERY IN 8 PATIENTS 


Minutes after Prostaglandin Injection 


Case No. Control 

I 2 3 5 7 10 15 20 30 40 

I 750 1270 1450 1600 1420 1340 1330 1340 1130 — — 

3 985 1840 2200 = 2480 — 1330 1330 — — — 

4 585 — 1150 1550 -— 1110 — 670 — —- 

4 750  II120 1090 — 1020 970 — — — — — 

5 740 1070 1350 — 1350 1350 1100 1080 IOIO 870 840 

6 710  Ib90 20% — 1840 1650 — — 1160 930 8g0 

s 625 ~ — goo 900 — 800 760 660 650 630 

8 535 a 1080 800 800 — 840 730 740 720 — 

n 8 5 7 4 7 5 5 6 6 4 3 
mean 4710 1398 1474 1213 1401 1284 1092 988 895 793 787 
S.E. + 48 155 171 21I 225 116 109 123 95 65 80 


1160, 
Taste III 
AT MTT VV 
sec. sec. ml. - 
Control value 6.340.4 19.7+1.4 240+40 


Value at time of 
maximal fow 4.2+0.3 
Per cent changes —33 3 


11.2+0.9 290+60 
—43£3 +212 


Appearance time (AT), mean transit time (MTT) and vascular 
volume (VV) of the superior mesenteric circulation following 
intra-arterial injection of prostaglandin Fig. Mean values in 8 
patients with Standard Error Mean. 


flow increase; the change, however, was not 
statistically significant. 

The portal venous pressure increased 
slightly in 4 patients from a mean resting 
value of 8 cm. H,O to 11 cm. HO (p <o.05). 
The increase in pressure persisted for 20 to 
30 minutes after which it returned to the 
resting level. The systemic blood pressure 
and pulse rate did not change significantly. 


DISCUSSION 


The importance of drugs for improve- 
ment of the demonstration of vessels such 
as venous collaterals in portal hypertension 
and tumor involvement of the veins in pan- 
creatic carcinoma is well known. The more 
commonly used drugs for this purpose have 
been bradykinin? and tolazoline.!8 Glucagon® 
and the combination of phentolamine and 
isoproterenol’ have also been tried. We 
have mainly been using bradykinin but this 
drug is no longer available. We therefore 
have been trying to find substitutes and 
included prostaglandin F,, in this screening 
for reasons mentioned earlier. . 

Arteriographically it was found that after 
the injection of 60 ug. of PGF; the mesen- 
teric blood flow increased as indicated by a 
shorter contrast appearance time and de- 
creased regurgitation into the aorta. The 
venous demonstration was judged to be as 
good as, or better than, that produced by 
10 wg. of bradykinin. It is to be noted that 
there was always an improved contrast 
density in the veins after PGF;, as well as 
after bradykinin. Individual variations in 

e density of the contrast medium were, 
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however, considerable and difficult to pre- 
dict. It is therefore probable that many fac- 
tors influence the result of drug injection 
on venous demonstration at arteriography, 
e.g., the action of bradykinin on vascular 
permeability.!° This increase of the vascular 
permeability also causes loss of arterial de- 
tail. After PGF there was, despite the 
flow increase, much less loss of arterial de- 
tail compared to that caused by brady- 
kinin, and the density of contrast medium 
in the veins was markedly increased. The 
mechanism behind this cannot be explained, 
but in rat experiments, PGF, has been 
observed to inhibit the increase in vascular 
permeability caused by histamine, sero- 
tonin, and bradykinin.” The capability of 
PGF, to constrict veins!® may also be of 
importance. Noticeable constriction of the 
large veins at angiography was, however, 
not observed. 

An estimation of the increase of the supe- 
rior mesenteric blood flow after vasodilator 
drugs may be made from angiograms by 
evaluating the density of the venous filling 
and the time of appearance of contrast 
medium in the veins.?? This estimation 
must be very crude, however, since expo- 
sures ate made only at intervals rather 
than continuously, and quantitative con- 
clusions suffer from this uncertainty. Sev- 
eral other factors such as patient size and 
exposure data also markedly influence the 
accuracy of the evaluations. We therefore 
tried to obtain more accurate data about 
the superior mesenteric blood flow by using 
a recently introduced dye dilution tech- 
nique.!® This method of flow determination 
has proved easy to handle and may be used 
during the angiographic procedure. The re- 
sults obtained have been reproducible with 
a coefficient of variation of only 7 per cent!® 
when measuring superior mesenteric blood 
flow under resting conditions. The method 
can only be used in patients without col- 
lateral circulation and with normal liver 
function. 

The results of the flow studies indicated 
about Ioo per cent increase of the superior 
mesenteric blood flow after the intra-arterial 
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administration of 80 ug. of PGF,,. A similar 
flow increase may be obtained by 5 ug. of 
bradykinin intra-arterially, but by the use 
of 20 ug. of bradykinin a flow increase 
amounting to 200 per cent may be achieved.’ 
Whether such a great flow increase may be 
achieved by using PGF, in still increasing 
doses has not been investigated by us since 
the changes in blood flow obtained by doses 
up to 80 ug. proved adequate for arteriog- 
raphy. 

The duration of the bradykinin effect is 
comparatively short, basal flow again being 
reached after about 15 minutes.” The dura- 
tion of the PGF;, effect was about 45 min- 
utes which makes this drug a little less easy 
to handle, but since the loss of arterial de- 
tail is small this drawback may be of little 
importance. The long duration of the effect 
of PGF,,. contrasts to the very short half 
life of this substance in the circulation." 
Apparently PGF, when bound to its target 
structure in the vessel wall may cause an 
effect with a duration quite different from 
that of the prostaglandin itself in circulat- 
ing blood. 

The approximately doubled superior mes- 
enteric blood flow following the intra- 
arterial administration of 80 ug. of PGF. 
indicated a relaxation of the resistance of 
the vessels as the blood pressure remained 
unchanged. The flow increase was con- 
firmed by the studies where the effect was 
apparent even with doses down to Io ug. 
This splanchnic vasodilatation represents 
another example of the species variability 
often found when vascular effects of PGF. 
are studied. For example, infusion of PGE xa 
into the mesenteric artery of the dog usu- 
ally increases vascular resistance.?° Pro- 
staglandins of the A and E series seem to be 
more consistently relaxing in this respect, 
and might have been of interest in the 
present investigation but were not readily 
available. 

The increased superior mesenteric blood 
flow in our patients following PGF,. was 
not combined with any significant blood 
pressure fall. This may be explained by a 
vasoconstriction in some other vascular 
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bed resulting in an unchanged total pe- 
ripheral vascular resistance. Another ex- 
planation may'be an increased venous re- 
turn and increased cardiac output due to 
constriction of capacitance vessels, an effect 
of PGF, known from studies in animals’ 
as well as in man.!? 

In our experience PGF, fills the require- 
ment for a useful vasodilator in arteriog- 
raphy. It has few side effects and does not 
affect systemic blood pressure or heart rate. 
However, it should not be used in patients 
with a history of bronchial asthma as it is 
known to contract airway smooth muscle 
cells,'4 
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SELECTIVE ARTERIAL EMBOLIZATION FOR 
CONTROL OF MASSIVE UPPER © 
GASTROINTESTINAL BLEEDING* 
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and ROBERT L. BREE, MAJOR, M.C., USAF 
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ABSTRACT; 


Massive upper gastrointestinal bleeding was controlled in 11 of 15 patients by the 
use of selectively injected arterial emboli. Embolization is most successful in the 
treatment of patients with demonstrated arterial bleeding sites at angiography. 
This group of patients generally has ulcers and it is this group in whom vasopressin 
infusion has the lowest success rate. 

At the same time we were successful in controlling only 1 of 4 patients who were 
bleeding from diffuse hemorrhagic gastritis, those patients in whom vasopressin in- 
fusion is very successful. We, therefore, now embolize only patients in whom arterial 
bleeding sites are demonstrated at angiography or in whom. vasopressin infusion 
has failed to control the bleeding from hemorrhagic gastritis. Our experience also 
indicates that short acting occlusive agents, such as autogenous blood clot mixed 
with aminocaproic acid, are as successful in controlling bleeding as the more per- 


manent types of embolic material. 


T generally accepted method for an- 
giographic control of massive gastro- 
intestinal bleeding is infusion of vasocon- 
strictive drugs, generally vasopressin, into 
the bleeding artery. In various series that 
have been reported, arterial bleeding has 
been controlled in 60-80 per cent of pa- 
tients.2-2-12,17 The method, however, is not 
without problems. First, the catheter must 
be left in the bleeding artery for several 
hours to days with the potential problem of 
thrombus formation. Second, fluid reten- 
tion has been observed following long infu- 
sions because of the anti-diuretic hormone 
present in the commercially available vaso- 
pressin. Finally, vasopressin infusions have 
been less successful in controlling bleeding 
from peptic ulcers than in other forms of 
massive gastrointestinal bleeding.” 

We have therefore evaluated an alterna- 
tive method of controlling massive gastro- 


intestinal bleeding: selective embolization 
of the bleeding artery. 


MATERIAL AND METHOD 


Between February, 1973, and July, 1974, 
we have treated 15 patients for massive 
upper gastrointestinal bleeding by em- 
bolization of the bleeding artery (Table 1). 
To date, only gastric and duodenal bleeders 
have been treated with this method. Of the 
1§ patients, 14 were not candidates for op- 
eration because of coexisting heart, lung, 
liver or renal disease; all had required 
transfusions of several units of blood. 

After demonstration of the bleeding site 
by selective angiography in each patient, 
the catheter was advanced into the orifice 
of the left gastric or gastroduodenal artery, 
depending on whether the bleeding was 
gastric or duodenal. Autogenous blood clot 
mixed with epsilon aminocaproic acid 
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(Amicar, Lederle) was then injected in 9 
patients, Gelfoam (Upjohn, Inc.) in 2, Oxy- 
cel (Upjohn, Inc.) in 3 and fat emboli i in I 
(Table 1). 

' The Amicar-mixed autogenous blood clot 
was prepared by drawing Io cc. of the pa- 
tient’s blood into a glass syringe containing 
0.§ to I cc. Amicar. This was done immedi- 
ately after insertion of the catheter into the 
patient’s abdominal aorta and prior to the 
first flush with heparinized saline. The time 
required for demonstration of the bleeding, 
‘usually about 30 minutes, allowed the blood 
to form a firm clot. The clot was removed 
from the back end of the syringe, cut into 
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TABLE I 
SUMMARY OF CASES 
Success Age Sex Diagnosis Angiographic Findings Treatment Result Follow-up 
1. 62 M Leftgastric aneurysm Left gastric aneurysm Fat globules Control No rebleed up to rx months 
(angiography) i Died of pneumonia 
2 48 M Gastric ulcer (upper GI) Active bleeding in fundus o.scc. Amicarclot Immediate control No rebleed up to r4 months 
3 56 M Gastric ulcer (endoscopy) Active bleeding in fundus o.s cc. Amicarclot Immediate control No rebleed up to r4 months 
4. 47 M Hemorrhagic gastritis Gastritis with active o.5 cc. Amicar clot Immediate contro] No rebleed for 2 weeks 
(endoscopy) bleeding in fundus Subsequent variceal bleed 
and portacaval shunt 
5 52 M Gastric ulcer (endoscopy) agate ae 1.5 cc. Amicarclot Immediate control No rebleed up to 9 months 
6 62 F Nod established- Active bleeding in fandus 1.5 cc. Amicarclot Control No rebleed up to 6 months 
too much clot (endoscopy) 
7 62 M Hemorrhagic gastritis with Active bleeding In body 5 pe. Gelfoam Immediate control No rebleed up to 6 months 
a superficial funda] ulcer 
(endoscopy) 
8 4% M Duodenal ulcer (history Active bleeding in duode- 1.5 cc. Amicarclot Immediate control No rebleed up to 2 months 
and angiography) nal bulb 
9 22 M Gastric ulcer (endoscopy) Active lesser curvature 1.5cc. Amicarclot Immediate control No rebleed up to 18 months 
bleeding . 
Io, 64 M Gastric ulcer (anglogra- Active bleeding in fundus 6 pc. Gelfoam Immediate control Bled 2 weeks later from gas- 
phy) tritis; expired 1 month later 
from hepatic failure 
II. 47 M Pseudoaneurysm of gastro- Actively bleeding gastro- o.5 œ. Oxycel Immediate control No rebleed up to 3 months 
duodenal artery (anglogra- duodenal aneurysm 
phy) 
Failure 
12. 47 M Hemorrhagic gastritis Gastritis 2.5 cc. Oxycel Continuous slow ise and pyloroplasty 
(endoscopy) bleed at 5 days; expired 1 month 
later 
Ig 8&4 F Gastric ulcer (autopsy) Active lesser curvature 0.5 cc. Amicarclot Continuous bleed- Expired at 20 hours 
. b k ing 
I4. 35 F Hemorrhagic gastritis Gastritis 1.5 cc. Amicar clot Continuous slow Vagotomy with pyloroplasty 
(operation) ` bleed at 24 hours; expired at 1 
month 
I5. 24 M Hemorrhagic gastritis Gastritis - r.o cc. Oxycel Continuous slow Vagotomy and antrectomy 
(endoscopy) bleed at 24 hours; gastrectomy at 


48 hours; expired at 1 month 


0.§ cc. pieces, and then forced through the 
selective catheter with a tuberculin syringe. 
Gelfoam emboli were prepared by cutting a 
strip of Gelfoam into cubes 2 to 4 mm. ona 
side. These cubes were injected along with 
saline. Oxycel emboli were prepared by 
mixing Oxycel fibers with blood and then 
cutting small pieces of 0.2 to 0.3 cc. and in- 
jecting them with saline through the cathe- 
ter. Fat emboli were obtained from the 
adipose tissue adjacent to the femoral punc- 
ture site. 

Following the injection of the emboli, a 
repeat angiogram was obtained to observe 
the completeness of the occlusion. If bleed- 


a 
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ing persisted, additional emboli were in- 
jected in 0.5 cc. increments until the bleed- 
ing was successfully controlled. The cathe- 
ter was then generally left in place from 1 
to 6 additional hours in case bleeding re- 
curred and further embolization was re- 
quired. 


RESULTS 


Successful control of the bleeding was 
achieved in 11 of the 15 patients (Table 1). 
Success could be evaluated easily since all 
patients had nasogastric tubes in place and 
changes in the rate of bleeding could be 
judged by changes in the color of the saline 
rinses. In g patients, in whom control was 
immediate, the nasogastric return changed 
from bright red to pink to almost clear over 
a § to 1§ minute period. In 2 additional pa- 
tients, who were also considered to be con- 
trolled, the bleeding slowed immediately 
but the nasogastric return did not become 
clear for 1 to 3 hours. Follow-up of the 11 
successfully treated patients revealed that 
g were still alive and well 2 to 18 months 
following embolization. One patient died 
of pneumonia unrelated to his original 
bleeding problem 11 months after emboliza- 
tion. Further bleeding had not occurred in 
this interval. The other patient had no fur- 
ther bleeding for 2 weeks, at which time a 
repeat massive hemorrhage was shown by 
endoscopy to be caused by hemorrhagic 
gastritis. The bleeding was controlled with 
an 18 hour infusion of epinephrine but he 
died a month later of hepatic failure. 

The 4 patients who were not controlled 
by embolization continued to bleed. One, 
who had a large gastric ulcer eroding i into a 
major branch of the left. gastric artery, ex- 
sanguinated in 20 hours. The other 3, who 
had diffuse hemorrhagic gastritis, died of 
complications secondary to gastric surgery 
1 month following embolization. 

Follow-up angiograms were performed 12 
to 36 hours following embolization in 5 of 
the patients receiving Amicar clot, 2 re- 
ceiving Gelfoam, 1 receiving Oxycel, and 
the patient receiving fat emboli. In all pa- 
tients receiving Amicar-mixed blood clot, 
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most of the previously occluded branches 
were again patent but no active bleeding 
was seen (Fig. 1). In the patients receiving 
Gelfoam and Oxycel, however, the entire 
left gastric artery was thrombosed at the 
second examination, indicating that clot 
had propagated proximally from the site of 
the occlusion (Fig. 2). The patient receiving 
fat emboli fell between the two extremes, 
with a few branches open but most remain- 
ing occluded. 

In 8 of the 15 patients the gastric mucosa 
was observed by endoscopy, operation, or 
autopsy I to § days following embolization. 
In 7 there was no mucosal necrosis, al- 
though patients frequently had changes of 
gastritis which probably antedated the ëm- - 
bolization. In 1 patient, who received 2.5 
cc. of Oxycel in an attempt to control bleed- 
ing from diffuse hemorrhagic gastritis, op- 
eration 5 days later revealed areas of 
sloughed gastric mucosa, but no bleeding 
was seen. 


DISCUSSION 


Several materials may be used for em- 
bolic occlusion. These can be grouped as 
short acting, of intermediate duration, and 
permanent. In the first group, the most 
commonly used is autogenous blood clot, 
which has the advantage of being an endog- 
enous material. Also, it fragments into 
many small emboli as it passes through the 
catheter. Fragmentation of emboli is an 
important advantage because the many 
small embolic fragments shower the branches 
of the bleeding artery, causing peripheral 
occlusions, The more peripheral the occlu- 
sion, the less likely that collateral blood 
supply will develop around the occlusion. 
Also, the small emboli hopefully are flow 
directed toward the bleeding artery, in 
which the lack of peripheral resistance re- 
sults in an increased blood flow. Most autog- 
enous blood clot emboli are absorbed with- 
in a few hours." For this reason, we have 
mixed the blood clot with epsilon amino- 
caproic acid (Amicar) to prolong its dura- 
tion of occlusion. Amic&r reacts with plas 
min to form a fibrin which has an increased 
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Fic. 1. Control of bleeding from a high lesser curva- 
ture gastric ulcer with Amicar-mixed clot in a 
56 year old man. 

(4) Celiac angiogram. Extravasation of con- 
trast medium can be observed (arrow) from the 
left gastric artery in the medial portion of the 
fundus. (B) Left gastric angiogram following 
embolization of the left gastric artery with 0.5 cc. 
of Amicar-mixed blood clot. The main left gastric 
artery is patent but all of the branches have been 
occluded by emboli (arrows). No extravasated 
contrast medium is seen. (C) Left gastric angio- 
gram 24 hours following embolization. The pre- 
viously occluded left gastric artery branches are 
patent. A small residual thrombus (arrow) can be 
seen in one of the branches. 





Vou. ros, No.3 








resistance to fibrinolysis.” In animal ex- 
periments, most Amicar-mixed clot emboli 
lyses within 24 hours, but some have lasted 
up to 2 weeks.’ 

An interesting observation accompany- 
ing the use of Amicar-mixed clot is that the 
bleeding artery appears to remain occluded, 
while most of the surrounding, normal ar- 
teries become patent by 24 hours.!° The 
only explanation we can find for this per- 
sistence is the work of Warren eż a/.,!® who 
have found that the amount of plasmin 
activator in the intima of damaged vessels 
is decreased. However, the amount of plas- 
min activator in arterial walls is small com- 
pared to circulating activator, and the im- 
portance of this observation is not certain. 
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Fic. 2. Control of massive bleeding from hemor- 
rhagic gastritis and extravasation of contrast 
medium with Gelfoam in a 62 year old man. 

(4) Left gastric angiogram. There are diffuse 
hypervascularity and irregularly increased ac- 
cumulation of contrast medium in the mucosa. 
Extravasation of contrast medium can be seen in 
the body of the stomach (arrow). Later frames 
showed the contrast medium spread over the 
mucosa. (B) Left gastric angiogram following 
embolization with 6 pieces of Gelfoam. All ma- 
jor branches of the left gastric artery are oc- 
cluded. Some tortuous irregular vessels appearing 
to represent gastritis persist in the upper body of 
the stomach (arrow). No extravasation of con- 
trast medium is seen. (C) Celiac angiogram 24 
hours following embolization. Thrombus has 
propagated centrally in the left gastric artery, 
occluding it 2 cm. from its origin. 


It is apparent, however, that clot does lyse 
from normal vessels while the bleeding ar- 
terial branch appears to remain occluded. 
A more controlled type of temporary occlu- 
sion might be produced by gelatin micro- 
spheres of known size and duration of occlu- 
sion.! Such emboli have the advantages of 
autogenous blood clot but have a more con- 
trollable duration of occlusion. 

Occlusion lasting from weeks to per- 
manently can be obtained by using absorb- 
able, non-autogenous materials, such as 
Oxycel! or Gelfoam. Although Gelfoam is 
not absorbed for up to 2 weeks, animal ex- 
periments have shown, that it is pushed 
peripherally and compressed by arteria 
pulsation. Therefore, an occluded artery 
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may appear to open and branches fill with 
contrast medium over a period up to 24 
hours. However, in the patients in this 
series occlusions with Oxycel or Gelfoam 
appear to have become permanent, with 
propagation of thrombus from the point of 
occlusion back to the orifice of the left 
gastric artery. 

Finally, permanent occlusions can be 
achieved with the use of isobutyl-2-cyano- 
acrylate, lead shot," Ivalon,! or plastic 
microspheres. 

Although massive arterial bleeding can 
be controlled with any of these embolic 
materials, our experience indicates that 
adequate control can be achieved with 
Amicar-mixed autogenous blood clot, and 
that the more permanent types of occlusive 
materials are not necessary unless the pa- 
tient’s blood cannot be made to clot. In 
some patients, particularly those who have 
received several transfusions, or who have 
a: coagulopathy, the blood will not clot be- 
cause of the depletion of platelets or clot- 
ting factors. Occasionally such blood’ can 
be made to clot by the addition of a few 
drops of thrombin. However, the resulting 
clot is not particularly firm or easy to cut, 
and an artificial embolic material may be 
preferred in this type of patient. 

Our experience also indicates that em- 
bolic control of upper gastrointestinal 
bleeding | is more successful when the bleed- 
ing is localized, such as generally occurs 
with ulcers. Of the 11 patients in whom a 
bleeding site was demonstrated on the an- 
giograms, we controlled the bleeding in 10 
(91 per cent). Four patients were embolized 
without angiographic demonstration of ac- 
tive extravasation. One, with a left gastric 
artery aneurysm, was tréated successfully. 
The other 3 had hemorrhagic gastritis 
shown by endoscopy; the treatment failed 
in all 3 and they died following gastric sur- 
gery. Probably the same rich anastomotic 
circulation which prevents gastric necrosis 
also hinders the control of diffusely bleeding 
lesions such as gastritis or multiple ulcera- 
tions. We therefore recommend that pa- 
tients with hemorrhagic gastritis be treated 
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by vasopressin infusion. According to Ath- 
anasoulis et a/.,? bleeding from diffuse gas- 
tritis can be controlled in 84 per cent of 
patients. Embolization should be reserved 
for those patients in whom a localized 
bleeding site is seen at angiography or in 
whom infusion fails to control the bleeding. 

Of the 8 patients in whom observation of 
the gastric mucosa was possible following 
embolization, slough of mucosa occurred in 
only I patient and he was not bleeding 
from the denuded areas. The large quantity 
of 2.5 cc. of Oxycel mixed clot was used for 
the embolization, and repeated injections 
of emboli were made until the left gastric 
artery was occluded. We have not used as 
much embolic material in the other pa- 
tients. However, even with small amounts 
of material, a segment of the bleeding organ 
becomes at least temporarily ischemic, and 
infarction is a possibility that must be con- 
sidered with each embolization. Prochaska 
et al? have reported gastric necrosis in a 
patient in whom the left gastric artery was 
embolized with autogenous clot. However, 
this patient also had 54 hours of vasopres- 
sin infusion in addition to the embolization 
and it is not clear that the ischemia would 
have occurred with the clot alone. 

Another potential complication is inad- 
vertent embolization of the spleen or pan- 
creas. Although splenic infarction may be 
painful, serious sequelae do not appear to 
result from embolization of the spleen. 
Maddison! has infarcted a spleen in a pa- 
tient with hypersplenism, and Tadavarthy 
ct al have occluded a splenic artery during 
the embolization of a bleeding false aneu- 
rysm. Also, animal experiments have shown 
that the spleen can be embolized without 
adverse effects.’ The effects of pancreatic 
embolization are less certain. It is known 
that occlusion of small pancreatic arteries 
with microspheres 8—20 microns in diameter 
consistently results in severe pancreatitis 
experimentally. None of the patients in 
this series had symptoms to suggest that 
pancreatitis had occurred. In both of the 
patients with gastroduodenal embolization, 
pancreatic branches were occluded by em- 
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hepatic coma. 
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Fic. 3. Control of massive bleeding from a duodenal ulcer with Amicar-mixed clot in a 41 year old man with 
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(4) Gastroduodenal angiogram. Arterial phase. Contrast medium extravasates from a proximal branch 
of the posterior pancreaticoduodenal arcade (arrow). (B) Capillary phase. The extravasated contrast me- 
dium layers in the duodenal bulb (arrow). (C) Gastroduodenal angiogram following embolization of 
the gastroduodenal artery with 1.5 cc. of Amicar-mixed autogenous blood clot. Both posterior and anterior 
pancreaticoduodenal arcades are occluded. No extravasation is seen in the region of the duodenal bulb. 
(D) Gastroduodenal angiogram 24 hours after embolization. The pancreaticoduodenal arcades and gastro- 
epiploic artery are again patent, although some residual thrombus remains. No extravasation of contrast 
medium is seen. The apparent occlusion of the transverse pancreatic artery (arrow) is caused by reversal 
of blood flow in this vessel; the contrast medium washed out toward the gastroduodenal artery. 


boli (Fig. 3). However, the emboli we use 
are large relative to microspheres, and the 
pancreatic occlusions probably occur proxi- 
mally. This should allow the formation of 
an extensive collateral circulation to de- 
velop distally. The pancreas is probably the 
organ in the body with the best possibilities 
for collateral circulation, receiving its blood 
supply from several different arteries. Al- 
though pancreatitis must be considered a 
potential complication of the method, we 
have had no indication that it occurs. 

It should be stressed that most of these 


15 patients were terminal bleeders. Al- 
though they were bleeding massively, the 
surgeons refused to operate because of co- 
existing heart, lung, kidney, or liver dis- 
ease. Our over-all success rate in these ex- 
tremely difficult patients was 73 per cent 
(11 of 15 patients). If the 4 patients who 
had no localized extravasation at angiog- 
raphy are excluded, the success rate was 
gl per cent (10 of 11 patients). Emboliza- 
tion appears to have 2 major advantages 
over infusion as a method for treating mag- 
sive bleeding. First, it is extremely simple 
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and the results can be assessed immediately. 
Second, the patient does not receive large 
doses of vasoconstrictive drugs. The many 
hours of monitoring for side effects of the 
drugs and checking that the catheter tip 


‘does not come out of the bleeding artery, 


therefore, are not necessary. Although 
much further experience will be necessary 
before embolization can be considered as 
safe and effective as it is simple, our pre- 
liminary results are encouraging. 
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ADDENDUM 


Since the submission of this paper we 
have attempted to control massive upper 
gastrointestinal hemorrhage by left gastric 
artery embolization in seven additional pa- 
tients. Two had gastric ulcers; two, duode- 
nal ulcers; two Mallory-Weiss lacerations; 
and one gastritis. The bleeding was con- 
trolled immediately in the first six and no 
further bleeding has occurred up to six 
months of follow-up. The bleeding in the 
patient with gastritis was controlled for 24 
hours, when further bleeding necessitated 
a gastrotomy with ligation of several 
bleeding sites. A repeat bleed one month 
later was successfully controlled by vaso- 
pressin infusion. 

Thus, we have controlled massive upper 
gastrointestinal hemorrhage by selective 
embolization of the bleeding artery in 17 of 
22 patients. In patients with bleeding from 
ulcers or Mallory-Weiss lacerations, 16 of 
17 (94 per cent) were controlled. 
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LIMITED FORM OF WEGENER’S GRANULOMATOSIS 
IN ULCERATIVE COLITIS* 


By JOAN A. KEDZIORA, M.D.,t MARIANNE WOLFF, M.D.,t and JAMES CHANG, M.D.§ 


NEW YORK, NEW YORK 


ABSTRACT: 


The limited form of Wegener’s granulomatosis is described as a complication in 
2 cases of chronic ulcerative colitis. The coexistence of ulcerative colitis and the 
limited form of Wegener’s granulomatosis raises the question of a common etiologic 
basis, possibly an immunologic defect. Awareness of such an association may help 
shed further light on the etiology of both disorders. 


ee lesions can rarely be an 
extracolonic complication of ulcerative 
colitis.24 The limited form of Wegener’s 
granulomatosis, as described in the 2 pa- 
tients in this paper, has not previously been 
reported in association with chronic ulcer- 
ative colitis. This experience indicates that 
the limited form of Wegener’s granuloma- 
tosis should be considered in the differential 
diagnosis of nodular lung lesions in ulcer- 
ative colitis. It is possible that there 1s a 
common immunologic basis for both en- 
tities. 


REPORT OF CASES 


Case 1. This 30 year old Caucasian female 
presented with a 3 day history of right pleuritic 
chest pain without dyspnea, cough, or fever. 
She had an 8 year history of intermittent bloody 
diarrhea lasting 3-6 months and requiring, at 
times, 60 mg. of prednisone daily for control. 
The last course of steroids (5 mg. per day) was 
March through July, 1974. The patient had 
been symptom-free for 2-3 months prior to 
admission. She claimed to be allergic to sulfo- 
namides but was unable to recall the specific 
reaction. Physical examination revealed the 
patient to be afebrile and the chest clear to 
auscultation. The findings otherwise were un- 
remarkable. 

Chest roentgenograms in August 1974 (Fig. 
1, 4—C) showed a small amount of right pleural 
fluid, a 4 cm. nodular, pleural-based density in 
the right lower lobe, and a 1.5 cm. nodular, 


pleural-based density in the left lower lobe. A 
chest roentgenogram 1 year previously had 
been normal. The perfusion lung scan showed 
nonspecific defects in the area of the nodular 
densities. Skin test with intermediate strength 
PPD was negative.:Thoracentesis yielded 50 
cc. of pink fluid with specific gravity 1.021, red 
blood cell count of 30,250 and white blood cell 
count of 12,700 with a differential count of 38 
neutrophils, 40 lymphocytes, 4 eosinophils and 
18 mesothelial cells. Routine culture yielded 
heavy growth of Staphylococcus aureus. Other 
laboratory studies included hemoglobin 10.4 
gm. per cent, hematocrit 32.6 per cent, white 
blood cell count 7,800 with a differential count 
of 61 neutrophils, 1 eosinophil, 27 lymphocytes, 
and 11 monocytes. The erythrocyte sedimenta- 
tion rate was 74 mm. Serologic study was nega- 
tive for Histoplasma, Aspergillus, Candida, 
Coccidioidomyces and Mycoplasma pneumoniae. 
Cold agglutinins, antinuclear antibodies and 
LE preparations were negative. Serum for 
rheumatoid factor was weakly positive. Stool 
was negative for occult blood. Urinalysis was 
normal, Barium enema examination (Fig. 2, 
A and B) showed typical changes of ulcerative 
colitis without evidence of malignancy. Procto- 
scopy showed a mucosal pattern compatible 
with ulcerative colitis in remission. 

Needle biopsy of the right lower lobe lung 
lesion was interpreted as nondiagnostic. Open 
biopsy was done September 16, 1974, on the 
right lower lobe lesion. There were-adhesions to 
the chest wall and on gross examination the 
mass was considered to be tumor. Cultures of 


* From the Departments of Radiology,t and Pathology,t College of Physicians and Surgeons, Columbia University, Columbia- 
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Fic. 1. Case 1. (4) Frontal, (B) lateral and (C) right anterior oblique roentgenograms of the chest show a 
pleural-based density in the right lower lobe and a smaller nodule in the left lower lobe in the area of the 
major fissure. 


the specimen showed no growth. 1955 during a pregnancy she developed bloody 
Chest roentgenogram 3 months after the diarrhea accompanied by an erythematous, 
initial presentation showed complete resolution nodular rash, hand stiffness, fever, left lung 
of the left lobe lesion without any treatment. infiltrate and myocarditis. No hematuria or 
The patient is asymptomatic at this time. renal involvement was present. A diagnosis of 
polyarteritis nodosa (without tissue documenta- 

Case 11. This 45 year old Caucasian female tion) was made and she responded to ACTH 
has a 19 year history of ulcerative colitis. In therapy with only occasional exacerbation of 





bic. 2. Case 1. Barium-enema (4) pre-evacuation and (B) post-evacuation anteroposterior roentgenograms 
show loss of haustration and mucosal edema throughout the colon. The terminal ileum is normal. 
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Fic. 3. Case 11. (4) Anteroposterior and (B) lateral roentgenograms of the chest show a mass in the left upper 
lobe and a questionable second lesion projecting over the spine on the lateral roentgenogram. 


bloody diarrhea. In 1959 a barium enema exam- 
ination showed left-sided cclitis. Her last 
severe episode was 3 years age and responded 
to steroids and Lomotil. The patient claimed 
to be allergic to sulfonamides and penicillin, 
although she could not recall a specific reaction. 
She had had bronchial asthma at age ™4 which 
lasted approximately 1 year. In November, 
1973, 2 months after a trip to California, she 
had an exacerbation of colitis followed by the 
abrupt onset of left pleuritic chest pain not 
associated with cough or hemoptysis. This was 
accompanied by occasional increase in tem- 
perature to 102°F. The chest roentgenograms 
(Fig. 3, 4 and B) revealed a 3 cm. pleural-based 
density in the left upper lobe, and a possible 
second lesion in the left lower lobe projecting 
over the spine on the lateral chest roentgeno- 
gram. A previous chest roentgenogram in April 
1973 was normal. Because of the febrile episode 
she was treated with a course of antibiotics 
without change in the lesion. She was then ad- 
mitted for further work-up. 

On admission the patient was afebrile and 
her chest was clear to auscultation and percus- 
sion. The remainder of the physical examina- 
tion was likewise unremarkable. Laboratory 
studies included hemoglobin 11.8 gm. per cent 
and hematocrit 33.6 per cent. The white blood 
cell court was 9,200 with a differential of 19 
rod neutrophils, 67 neutrophils, 3 eosinophils, 
10 lymphocytes and 1 monocyte. Anisocytosis, 


poikilocytosis, and hypochromia were noted on 
the blood smear. Urinalysis was normal. Stools 
were moderately positive for occult blood. 
Other laboratory studies included erythrocyte 
sedimentation rate 63 mm., serum total pro- 
tein 6.3 gm. per cent, with albumin 3.1 per cent. 
Antinuclear antibody, latex fixation, rheuma- 
toid factor and serologic study for coccidioido- 
mycosis were all negative. Barium enema exam- 
ination (Fig. 4, Æ and B) revealed active ulcer- 
ative colitis involving the entire colon. Intra- 
venous pyelography and upper gastrointestinal 
tract examination were negative. Protein elec- 
trophoresis was normal. 

Because of the possibility of an infectious 
process, the patient was again treated with 
antibiotics and discharged under observation. 
The lesion remained unchanged and she was 
admitted to the surgical service. The patient 
underwent bronchoscopy with biopsy and 
mediastinoscopy with biopsy. Bronchial wash- 
ings were negative for malignancy. Carinal and 
mediastinal lymph node biopsies were negative 
for malignancy and granuloma. Left thoracot- 
omy was performed and a mass § cm. in di- 
ameter was found in the major fissure involving 
both upper and lower lobes. Multiple pleural 
adhesions to the chest wall and diaphragm were 
seen. 

The patient is well without any new lesions 
14 months after the initial presentation. She 
was treated with steroids. 
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Fic. 4. Case 11. Barium enema (4) pre-evacuation and 
ulceration, mucosal edema, and loss of haustration th 
wash ileitis. 


PATHOLOGICAL FINDINGS 


The microscopic changes in these 2 cases 
were remarkably similar, and will therefore 
be described together. A chronic pleuritis 
and organizing pneumonitis (Fig. 5) of 
nonspecific type were noted in each case. 
Against this background there were areas 
of parenchymal necrosis, either sizable or 
smaller, with a multifocal distribution and 
having serpiginous borders. At the edge of 
the necrotic zones were elongated histio- 
cytes, aligned in a palisading pattern 
(Fig. 6). The necrotic zones contained pro- 
teinaceous coagulum and some nuclear 
debris; occasionally some viable medium- 
sized arteries with intimal fibrosis and 
marked luminal narrowing were encom- 
passed by the infarct-like areas of necrosis. 
e Smaller arteries and veins frequently 
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(B) post-evacuation roentgenograms show extensive 
roughout the colon. The terminal ileum shows back- 


demonstrated a mural infiltration by round 
cells, focal areas of fibrinoid necrosis, and 
sectoral loss of elastic lamellae (Fig. 7; 
and 8). Many such vessels also displayed 
intimal fibrosis and a variable degree of 
luminal narrowing. Other vessels revealed 
peri-adventitial fibrosis (Fig. 9). Some in- 
volved vessels were accompanied by non- 
caseating granulomata composed of epithe- 
lioid cells and Langhans’ type giant cells 
(Fig. 5; and 8). Similar granulomata were 
found unassociated with vessels or necrotic 
foci (Fig. 6; and g). In Case 11 a single 
granuloma was noted in the pleura, im- 
mediately adjacent to the lung paren- 
chyma, but neither vasculitis nor necrosis 
was seen in the pleura. Case 11 also con- 
tained fair numbers of eosinophils within 
the pneumonitic areas but none was found 
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occupying vessel walls or granulomata. 
Case 1, on the other hand, showed rare 
eosinophils in 2 vein walls. Special stains 
for acid-fast bacilli and fungi were negative 
in both cases. The pathologic diagnosis was 


a limited form of Wegener’s granulomatosis. 


DISCUSSION 


The roentgenographic findings in both 
our cases are nonspecific. The presumptive 
roentgenographic diagnosis of the pulmo- 
nary lesions was neoplasm, possibly meta- 
static. The differential diagnosis included 
infectious processes, granulomata, infarcts 
and vasculitis. Because the roentgeno- 
graphic findings remained stable for ap- 
proximately 1 month in both patients, a 
lung biopsy was required for definitive 
diagnosis: primarily to exclude neoplasm. 
The other previously reported cases of lung 
lesions in ulcerative colitis are distinctly 
different from those in our patients. Was- 
serman and _ co-worker’s‘ patient with 
chronic ulcerative colitis had asthma, 
persistent eosinophilia, hepatosplenomeg- 
aly, paresthesias, and convulsions. The 
chest roentgenogram was described as 
showing a moderate increase in the pulmo- 
nary vascular markings throughout both 
lung fields. Lung biopsy showed diffuse 
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Fic. 5. Case 11. Nonspecific pneumonitis hich is 
active in the lower portion and organizing in the 
upper part of the field. A venule with fibrinoid 
necrosis is seen toward the right. Below it there is 
some peri-adventitial fibrosis, while in its upper 
right wall a noncaseating granuloma is present. 


(HPS X 100.) 
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Fic. 6. Case 1. Neda of lung parenchyma at right 
side of field with serpiginous border which is mar- 
ginated by palisading histiocytes (center). On 
the left a multinucleated giant cell is noted. 
(HPS X 160.) 


Fig. 7. “Cab I. Å Snail branch of pulmonary artery 
showing mural infiltration by round cells, fibrous 
intimal proliferation with marked narrowing of 
lumen. The elastic lamella (wavy black lines) is 
fragmented. (Verhoeff elastic tissue stain X256.) 





brosis is noted in the 
upper part of the field and a noncaseating granu- 
loma in the lower portion. (HPS X 40.) 


eosinophilic infiltration of the muscular 
coats of some of the large arteries. In the 
recently reported case of Isenberg et al.? the 
chest roentgenogram showed diffuse bi- 
lateral pulmonary infiltrates. Microscopic 
examination of the biopsy specimen dis- 
closed diffuse vasculitis involving small 
vessels with fibrinoid necrosis and dense 
masses of acute inflammatory cells, eosin- 
ophils, and areas of necrosis, but no 
granulomata. 

Specific infections have been ruled out by 
cultures, histochemical studies, and the 
clinical course. The pathologic differential 
diagnosis includes infarction, Boeck’s sar- 
coid, allergic and granulomatous vasculitis, 
and rheumatoid lung disease. Pulmonary 
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infarctions are not associated with necro- 
tizing vasculitis or granulomas. Boeck’s sar- 
coid should not show such massive areas of 
necrosis or evidence of vasculitis. However, 
noncaseating granulomas of the sarcoid 
type can occur in approximately 20 per 
cent of the lesions in the limited form of 
Wegener’s granulomatosis.’ Allergic and 
granulomatous vasculitis reported by Churg 
and Strauss! should not be associated with 
large areas of parenchymal necrosis. The 
degree of eosinophilic participation in the 
lungs in our cases is much less than one 
would expect in that entity. Also peripheral 
eosinophilia is characteristic, while this is 
not so in the limited form of Wegener’s 
granulomatosis and was not seen in our pa- 
tients. Hypersensitivity angiitis lacks gran- 
ulomata; the affected vessels are all at the 
same stage of the disease, unlike the cases 
under discussion. The roentgenographic 
picture is extensive and often resembles 
Loeffer’s pneumonia. Although both pa- 
tients averred an allergy to sulfonamides 
none was administered to them for at least 
2 years prior to the onset of the lung lesions. 
Rheumatoid lung disease often has a sig- 
nificant pleural component; the necrosis of 
rheumatoid nodules is not so extensive as 
seen in our cases. The degree of vasculitis 
in our cases is greater than would be ex- 
pected in rheumatoid disease. Neither of 
our patients had evidence of rheumatoid 





Fic. 9. Case 1. Small artery showing sectoral loss of 
elastic membrane (right center) corresponding to 
the site of a noncaseating granuloma. (Verhoeff 
X 400.) 
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arthritis clinically, although Case 1 did have 
a mildly positive test for rheumatoid 
factor. 

In Liebow’s series? of the limited form of 
Wegener’s granulomatosis the most con- 
sistent feature was an abnormal chest 
roentgenogram. The lesions were fairly dis- 
crete, multiple, and bilateral in two-thirds 
of his cases. Pulmonary symptoms and 
signs consisted of cough, dyspnea, pleurisy 
or pleural effusion. Systemic signs of fever, 
weight loss, and malaise were frequent. 
Both our cases fulfill the criteria necessary 
for making a diagnosis of the limited form 
of Wegener’s granulomatosis, viz., a combi- 
nation of infarct-like areas of necrosis, 
vasculitis involving small arteries and 
veins seen at varying stages of develop- 
ment and the presence of granulomata, at 
least some of which are separate from ves- 
sels. The absence of renal involvement 
would put it in the category of the “limited 
form” rather than the classical, full-blown 
picture of Wegener’s granulomatosis. In 
addition, the bacteriologic studies were 
negative. Both the preoperative diagnosis 
and the impression on examination of the 
gross specimen (Fig. 10) in Case 1 was that 
of neoplasm, a common error in Wegener’s 
granulomatosis in the lungs. 

The major considerations in the differen- 
tial diagnosis are lesions generally thought 
to be based on derangements of the im- 
mune system, viz., rheumatoid lung disease, 
allergic and granulomatous vasculitis, and 
hypersensitivity angiitis. Our 2 cases sug- 
gest for the first time a possible association 
between ulcerative colitis and a limited 
form of Wegener’s granulomatosis. Both 
conditions may be immunologic derange- 
ments, both may respond to immunosup- 
pressive therapy, and both may be asso- 
ciated with pyoderma gangrenosum, eryth- 
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Fic. 10. Case 1. Gross photograph of resected lesion 
from lower lobe of right lung. Note resemblance 
to a neoplasm. The mass measures 4 cm. in vertical 
diameter. 


ema nodosum, or other skin lesions. 
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PSEUDO-RETROPERITONEAL GAS IN RUPTURE OF 
ANEURYSM OF ABDOMINAL AORTA* 


By GREGORY B. NICHOLS, M.D., and PHILLIP J. SCHILLING, M.D. 


PORTLAND, OREGON 


ABSTRACT: 


Four cases of ruptured abdominal aortic aneurysm producing retroperitoneal 


radiolucent shadows are presented. 


Gross and microscopic examination showed this to be due to dissection of blood 


through the retroperitoneal fat. 


This finding has been helpful in confirming the presence of retropertoneal hemor- 


rhage. 


hoe diagnosis of rupture of the ab- 

dominal aorta is of vital importance. 
By outlining the calcified aneurysm and the 
mass obliterating the psoas and renal 
shadows, Grayson and Kennedyt were able 
to make the diagnosis of a rupture of ab- 
dominal aortic aneurysm in 3 cases. Crane’ 
concluded that plain films of the abdomen 
were of extreme importance in verifying 
the diagnosis of leaking abdominal aortic 
aneurysms. Janover* diagnosed 18 of 20 cases 
of ruptured abdominal aortic aneurysm by 
the plain roentgen-ray findings of a mass 
with hazy indistinct margins and extension 
of the mass beyond the calcified aortic rim. 
The triad of pain, pulsating abdominal 
mass, and hypotension was emphasized by 
Tsai et al. They also found that the ab- 
dominal roentgenogram often gives con- 
firmatory evidence of the rupture, and in 
6 of 30 cases a paravertebral calcification 
alerted them to a palpable mass not pre- 
viously felt. Since the diagnosis is impera- 
tive for prompt surgical treatment, it is the 
purpose of this article to bring attention to 
an additional finding of retroperitoneal 
radiolucent shadows of blood dissecting the 
fatty tissues encountered in 4 cases of rup- 
ture of abdominal aortic aneurysms. 


REFORT OF CASES 


Case 1. A 67 year old obese Caucasian male 
was admitted to Providence Medical Center for 
evaluation of right lower quadrant pain and a 
positive blood culture for Clostridium per- 


* From the Providence Medical Center, Portland, Oregon. 


Sringens. A roentgenogram of the abdomen re- 


vealed residual barium in the colon from a 
previous examination, a deformed cecum, and 
a large collection of radiolucent bubbles in the 
left retroperitoneal space (Fig. 1). This was in- 
terpreted as a carcinoma of the cecum and 
retroperitoneal gas. An infusion pyelogram 
showed adequate renal function and a laterally 
displaced left kidney. A water soluble contrast 
study of the upper gastrointestinal tract re- 
vealed no ulcer or perforation. After transfer 






Pr. 
Fic. 1. Case 1. Abdominal roentgenogram demon- 
strates many radiolucent bubbles in left retroperi- 


toneal area and a larger pseudo-gas shadow in the 
psoas muscle region. 
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to the intensive care ward, the patient went 
into extreme shock and expired. The admission 
blood culture was negative, but the urine cul- 
ture revealed Æ. coli, 100,000 bacteria per cc. 
and Streptococcus faecalis with over 100,000 
organisms per cc. At autopsy a 7X4 cm. ab- 
dominal aortic aneurysm was found which had 
ruptured with severe hemorrhagic infiltration 
into the left retroperitoneal space. There was 
also a carcinoma of the cecum, but no per- 
forated viscus or retroperitoneal gas was 
found. 

Comment. This case illustrates the difficulty 
in diagnosing a ruptured aneurysm in an obese 
individual. The confusing radiolucent shadows 
led one to believe there was either a visceral 
perforation or an infection from a gas forming 
organism. Aortic calcifications were not seen, 
but a mass was suspected. The radiolucent 
shadows were discovered to be blood dissect- 
ing into the retroperitoneal fat and separation 
of fat into globules simulating gas bubbles in 
the plain roentgenogram. 


Case 11. A 56 year old markedly obese male 
was admitted to Providence Medical Center for 
abdominal distention and discomfort of 4 days’ 
duration. No palpable abdominal mass was 
found, but tenderness was present in the left 
flank. The initial abdominal roentgenograms 
revealed a distended colon, but no mass or 
calcification was seen. Eighteen hours later an 
intravenous pyelogram demonstrated a later- 
ally displaced left kidney and ureter with radio- 
lucent areas throughout (Fig. 2). Because a 
rupture of an aneurysm of the abdominal aorta 
was suspected, an aortogram was performed 





Fic. 2. Case 11. The intravenous pyelogram shows 
many faint radiolucent streaks lateral to the left 
psoas shadow. The left kidney is also displaced 
laterally. 


Pseudo-Retroperitoneal Gas 





Fic. 3. Case 1m1. A large centrally located mass is 
present. A calcified aortic rim is seen to the right 
of the spine, and many radiolucent bubbles are 
seen to the left of the spine. 


confirming the presence of an abdominal aortic 
aneurysm with a soft tissue mass extending 
beyond the dilated lumen. Surgery was per- 
formed, and the ruptured aneurysm was re- 
placed with a woven Dacron bifurcation graft. 
The patient recovered and was discharged in 
3 weeks. 

Comment. This patient had a slowly leaking 
aneurysm. Although he had clinical evidence of 
a rupture of an aneurysm, his roentgenograms 
were not conclusive for 18 hours after admis- 
sion. The degree of hemorrhage was great, but 
it was not readily appreciated because of the 
patient’s obesity. The aortogram was not re- 
quired for the diagnosis; however, it did aid the 
surgeon in evaluating the extent of the an- 
eurysm. 


Case 11. A 71 year old white male was ad- 
mitted to Woodland Park Hospital, Portland, 
Oregon, with abdominal and left flank pain 
following a fall at home. The patient was in se- 
vere shock. Abdominal roentgenograms showed 
a calcified rim in a large aortic aneurysm with a 
mass obliterating the left psoas shadow. In 
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tional hemorrhage occurred to cause death. 


Case Iv. A thin 57 year old male was admit- 
ted to Providence Medical Center because of 
vague abdominal pains of 1 day’s duration. He 
had had multiple medical problems dating back 
to a bilateral carotid endarterectomy done 4 
months previously. His abdomen was slightly 
distended and no mass was palpable. He had 
diffuse generalized arteriosclerosis. The abdom- 
inal pain became more severe, and a plain 
roentgenogram of the abdomen revealed a thin 
linear calcification in the wall of a small abdom- 
inal aneurysm with faint radiolucent shadows 
in the left psoas muscle area (Fig. 5). This was 
interpreted as leakage of the aneurysm. The 
patient expired while he was being transferred 
from the stretcher to bed. The autopsy revealed 
a ruptured abdominal aortic aneurysm with 
massive retroperitoneal hemorrhage, as well as 
severe generalized arterial atherosclerosis. 

Comment. Although this man was very thin 
and had only a short history of abdominal pain, 
his plain abdominal roentgenograms showed 
faint radiolucent shadows in the left paraverte- 





Fic. 4. Case m1. Lateral view of abdomen shows 
radiolucent shadows extending anterior to the 
lumbar vertebrae along the course of the abdom- 
inal aorta and distally into the pelvis. 


addition, radiolucent shadows were present 
throughout the hematomatous mass (Fig. 33 
and 4). The diagnosis of ruptured aortic ab- 
dominal aneurysm was made, and he was 
operated on immediately. A Dacron woven bi- 
furcation graft was placed from the abdominal 
aorta below the renal arteries to the iliac arter- 
ies. Following surgery the patient became oli- 
guric and was transferred to Providence Med- 
ical Center for hemodialysis. In spite of hemo- 
dialysis and supportive treatment, he expired 
from a cardio-respiratory arrest 6 days later. 
Autopsy revealed massive retroperitoneal hem- 
orrhage. 

Comment. The plain roentgenograms demon- 
strated the extensive hemorrhagic infiltration 
of the para-aortic structures. The bubbles of fat 
surrounding the blood were easily seen extend- 
ing about the wall of the abdominal aorta and 
into the adjacent retroperitoneal space. The cal- 
cified aortic wall bulged to the right of the lum- 


bar spine while the leak was to the left. The Fic. 5. Case 1v. Large radiolucent streaks are seen in 
gadiolucent pseudo-gas shadows were most the left psoas area (black arrows). A faint calcified 
prominent in the preoperative roentgenograms, aortic rim (open arrows) runs through the radio- 
but they persisted following surgery. An addi- lucent shadows. 
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bral area. The faint linear calcification to the 
left of the lumbar spine called attention to the 
aneurysm, and the pseudo-gas shadows in the 
retroperitoneal area indicated the leakage of 
the blood vessel. 


DISCUSSION 


The retroperitoneal space is covered by a 
thin layer of fat which is more prominent 
in obese patients and is most abundant 
about the kidneys. When retroperitoneal 
hemorrhage occurs from rupture of the ab- 
dominal aorta, the blood will often dissect 
along the fascial planes of the psoas muscles 
and then distally along the iliac vessels, 
sometimes extending into the groin, and 
may present as an inguinal hernia.’ At 
operation or autopsy it is sometimes noted 
that the blood dissects in sheets through 
the retroperitoneal fat giving a variegated 
appearance to the hemorrhage. This is also 
seen microscopically (Fig. 6; and 7). Be- 
cause of the greater density of the blood, 
the fat will cause a relatively radiolucent 
bubble on the roentgenogram. A similar 
finding is seen in cases of hemorrhagic pan- 
creatitis with fat necrosis.' 

Because it is difficult to distinguish the 
small air bubbles of a retroperitoneal ab- 
scess from small fat globules in the retro- 
peritoneal space, the above cases were 
presented to alert physicians to the addi- 
tional possibility that a ruptured abdomi- 
nal aneurysm may produce radiolucent 
shadows in the retroperitoneal space. This 
finding may also be helpful in obese pa- 





Fic. 6. Case tv. Histologic section of the retroperi- 
toneal hematomatous mass shows hemorrhagic 


infiltration through the retroperitoneal fat. 
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to the hemorrhage. 


tients with abdominal pain when the ab- 
domen is difficult to palpate. Having incor- 
rectly diagnosed this finding as a gas form- 
ing infection in Case 1, the next 3 cases 
showing this finding were correctly 1n- 
terpreted. 


Gregory B. Nichols, M.D. 
Providence Medical Center 
700 N. E. 47th Street 
Portland, Oregon 97213 
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tude to Dr. Ray F. Friedman of Portland, 
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JEJUNOILEAL BYPASS* 
ROENTGENOGRAPHIC OBSERVATIONS 


By EMIL J. BALTHAZAR, M.D.,ł and SUSAN GOLDFINE, M.D.i 


NEW YORK, NEW YORK 


ABSTRACT: 


Jejunoileal bypass procedures may be performed with the bypassed small in- 
testine draining, as usual, into the cecum, or with end-to-end anastomosis of the 
jejunum and terminal ileum, with the bypassed segment draining into the transverse 
colon through another anastomosis. Modifications of these methods have also been 
devised. After good response with weight loss initially, most patients fail to continue 
to lose weight into the third year postoperatively. Some of the features which cause 
failure are: prolonged transit time, intestinal dilatation with mucosal hypertrophy, 
and reflux into the bypassed segment, in the earlier type of operation. 


SSSA treatment for morbid obe- 

sity has been attempted, but generally 
with poor or temporary results. Procedures 
such as gastroplasty, stimulation of hy- 
pothalamic feeding centers and abdominal 
panniculectomy,!ë %13 have been completely 
abandoned in many centers, while others 
still occasionally use them. In the last 
decade, intestinal shunting procedures have 
become increasingly popular. They are 
being accepted in many institutions, in- 
cluding ours, as a relatively safe and effi- 
cient means of treatment. They are per- 
formed when the obesity remains life 
threatening, and only after all other medi- 
cal forms of treatment have been tried 
without success. 

The purpose of this presentation is two- 
fold: (1) to describe the common types of 
bypass procedures and their roentgenologic 
appearance; and (2) to familiarize the radi- 
ologist and clinician with the important 
roentgenographic observations in the fol- 
low-up examinations that correlate and 
explain the success or failure of such 
procedures. 


RATIONALE AND DESCRIPTION OF 
OPERATIVE PROCEDURES 


Experimental animal investigations" and 
empirical'® observations have shown that 


by reducing the absorptive surface of the 
small bowel (chronic intestinal diseases or 
surgical resections following trauma, in- 
farctions, etc.) rapid weight loss follows, 
which sometimes leads to death. However, 





Fic. 1. Jejunoileal bypass, end-to-side anastomosis, 
Payne procedure. Small degree of reflux into the 
nonfunctioning ileum (arrows). Note dilatation of 
functioning bowel and prominent mucosal folds. 


e * From the New York Medical College, Flower-Fifth Avenue Hospitals, New York, New York. 
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to achieve a negative caloric balance almost 
the entire small bowel should be excluded, 
as the preservation of any significant seg- 
ment, particularly of the jejunum, is toler- 
ated well by the patients. 

First attempts at shunting procedures 
date back to the early sixties when end-to- 
side jejunocolic anastomoses were tried.>:7:!9 
While rap:d weight reduction was accom- 
plished, there was a great number of com- 
plications, including death, mainly due to 
irreversible liver injury. 

Attempts at bypass procedures were 
again reported in the mid-sixties but most 
of them with discouraging or even cata- 
strophic results.®!? In 1967, Morgan and 
Moore? reported an individual case treated 
by a new surgical technique. Using a simi- 
lar technique in 1969, Payne and DeW ind! 
reported their experiences with 80 obese 


Ha 
: 





Fic. 


Payne procedure, 60 


2. Jejunoileal bypass, 
minute film. Large amount of reflux into the de- 
functionalized ileum visualizing long ileal segment. 
Arrow indicates the area of anastomosis. Note the 
dilated jejunum proximally. 
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“ile 
Fic. 3. Jejunoileal By pase, end-to-end anastomosis, 
Scott procedure. Note length and size of fanction- 
ing bowel. There is marked hypertrophy of the 
ileal folds resembling a jejunal loop. Arrow indi- 
cates the area of anastomosis. 





patients. Their procedure is as follows: The 
jejunum is divided 14 inches from the liga- 
ment of Treitz and anastomosed end-to- 
side to the distal ileum 4 inches before the 
ileocecal valve (Fig. 1). The proximal end 
of the bypassed intestine is closed and left 
in the abdomen to drain freely into the 
terminal ileum. The functioning small 
bowel loop thus created is about 18 inches 
long. Encouraging results were reported 
with an average postoperative weight loss 
of 130 pounds. Most of the weight loss oc- 
curred in the first 2 years, significantly less 
in the third year with a tendency to reach 
a plateau afterwards. A promising response 
and sometimes excellent control of diabetes, 
exertional dyspnea, edema, and hyperten- 
sion, and a significant decrease 1n the serum 
cholesterol levels were noted by this surgi- 
cal technique. The Payne and DeWind 
procedure offered the means of a permanent 
reduction in body weight, and was well 
accepted by the patients. 

Nevertheless the procedure was subse- 
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Fic. 4. Barium enema film, Scott procedure with 
ileo-transverse colon anastomosis. A segment of 
the defunctionalized ileum fills from transverse 
colon (arrow). 


quently criticized. Animal experiments and 
clinical experience accumulated by other 
investigators using the Payne and DeWind 
procedure!!!> showed that the results could 
be erratic. Many patients failed to lose 
adequate amounts of weight, or after a 
promising beginning, regained weight. Most 
of these patients when examined roentgeno- 
logically, exhibited reflux of intestinal con- 
tents into the bypassed ileum for distances 
of 3 to 5 feet (Fig. 2). Surgical revision of 
some of these anastomoses was performed 
leading to excellent results. 

For these reasons Scott eż a/. in 1971 de- 
scribed a new technique of intestinal 
shunting which created an end-to-end anas- 
tomosis (Fig. 3). The jejunum is divided 12 
inches distal to the ligament of Treitz and 
the ileum is divided 12 inches proximal to 
the ileocecal valve. The proximal jejunum 
is anastomosed end-to-end to the distal 
ileum. The proximal end of the bypassed 
small bowel is closed and its distal end is 
anastomosed for draining purposes to the 
transverse or sigmoid colon (Fig. 4; and 5). 
Significant reflux of intestinal contents into 
the nonfunctional loop is therefore pre- 
vented. Good results were claimed, be- 
cause of the following gradual and steady 
weight loss. 

A number of other surgical techniques 
which represent slight modifications to the 
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above described procedures have since been 
attempted. They are beyond the scope of 
this presentation. 


DISCUSSION 


Follow-up examinations in cases of in- 
testinal shunting procedures have con- 
sistently shown! © a tendency of rapid 
weight loss in the immediate postoperative 
period. This is followed by a period of a less 
dramatic response, and eventually in the 
third year by a failure to lose additional 
weight. The explanation of this phenome- 
non lies in the gradual anatomic changes 





Fic. 5. Barium enema post-evacuation film in a pa- 
tient who had the Scott procedure with an ileal 
sigmoid colon anastomosis. A long segment of 
ileum is- visualized due to reflux from the sigmoid 
colon (arrow). 
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taking place in the functioning small bowel 
as a response to the new physiologic 
stimulus. 

There are significant enlargement of the 
small bowel and hypertrophy of the muco- 
sal folds which are demonstrated roent- 
genographically (Fig. 3). These findings, 
together with elongation of the functioning 
gut, have been substantiated by surgical 
measurements and histologic examina- 
tions.t The most impressive changes take 
place in the terminal ileum where because 
of massive mucosal hypertrophy so-called 
jejunization occurs (Fig. 6). One of our pa- 
tients who underwent a second laparotomy 
for a segmental ileal resection clearly 
showed on histologic examination, hyper- 
trophic villi and an increased number of 
goblet cells. 

Secondary to this gradual increase of the 
intestinal mucosal surface and with the sig- 
nificant increase in the absorption of nu- 
trients, the body weight stabilizes or oc- 
casionally starts climbing again. It 1s 
impossible to predict for a given individual 
the degree and rapidity of small bowel hy- 
pertrophy and, therefore, the exact length 
of functional gut required for an ideal 
weight. In cases where the patient’s weight 





Fic. 6. Jejunoileal bypass visualizing terminal ileum. 
Note hypertrophy of the mucosal folds with Je- 
junization of ileum. 
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Fic. 7. Jejunoileal bypass, Scott procedure. The 
anastomotic site (small arrows) is narrowed and 
there is marked dilatation of the pre-anastomotic 
jejunal segment. The entire colon fills with barium 
and a small segment of ileum is visualized because 
of reflux through ileo-sigmoidostomy (large 
arrows). 


plateaus rapidly at high levels, resection of 
an additional segment of small bowel is 
indicated to obtain a satisfactory result. 

Roentgenologic evaluation of the gastro- 
intestinal tract before and after a bypass 
procedure is performed routinely. Follow- 
up examinations are required only when 
there is an unsatisfactory clinical course. 

Several features are looked for and re- 
ported: 

1. Transit time from pylorus to cecum is, 
in our experience, § to 10 minutes. We con- 
sider the mouth to colon transit time as 
well as the emptying time of small bowel 
meaningless, since they are conditioned by 
the rapidity of gastric emptying. 

2. Approximate length of functioning 
small bowel, degree of dilatation, mucosal 
hypertrophy and type of anastomosis 
should be evaluated, particularly when 
comparison studies are available. Obvi- 
ously, exact measurements are impossible 
and only general impressions are obtained. 
Occasionally, the anastomosis may be nar- 
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rowed (Fig. 7), causing markedly dis- 
tended pre-anastomotic jejunal loops ex- 
plaining the patient’s postoperative com- 
plaints. 

3. One must look for reflux into bypassed 
ileum. A small degree of reflux of 3 to 4 
inches is usually seen in the Payne and 
DeWind end-to-side anastomosis (Fig. 1) 
and should be considered normal. Longer 
segments, particularly when they do not 
empty rapidly, are significant and explain 
the unsatisfactory results of such pro- 
cedures (Fig. 2). In the Scott ef al. pro- 
cedure (end-to-end anastomosis), reflux 
was never a.problem in our experience. 
Small segments of ileum were occasionally 
visualized in the antegrade study (Fig. 7) 
and longer segments were seen only with 
barium enema examinations (Fig. 4; and 5). 


CONCLUSIONS 


Although still controversial, intestinal 
bypass procedures are being performed as 
the only efficient means for controlling 
morbid obesity and its complications. 

The rationale, short description of com- 
mon types of shunting procedures, and 
their roentgenographic appearance are pre- 
sented. 

The most important roentgenographic 
observations seen in the follow-up exami- 
nations, which correlate with the success or 
failure of these procedures, are discussed. 


Emil J. Balthazar, M.D. 

New York Medical College 
Flower-Fifth Avenue Hospitals 
1249 Fifth Avenue 

New York, New York 10029 
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COMPARATIVE DETECTION OF PANCREATIC BODY— 
TAIL ENLARGEMENT USING THE SUPINE TRANS- 
LATERAL AND AXIAL PANCREATIC VIEWS: 

A PROSPECTIVE STATISTICAL STUDY* 

By PHILIP A. SORABELLA, M.D., WILLIAM L. CAMPBELL, M.D., 
and WILLIAM B. SEAMAN, M.D. 


NEW YORK, NEW YORK 


ABSTRACT: 


A prospective statistiçal study of 429 patients was undertaken to determine if the 
axial pancreatic view would improve detection of pancreatic body-tail enlargement. 
This view is produced by directing a roentgen-ray beam along the axis of the pan- 
creatic body-tail cylinder. On this view and on the supine translateral view, a pan- 
creátic body-tail space can be identified as a subdivision of the retrogastric space. 
When the pancreatic body-tail enlarges, this space selectively enlarges. The percen- 
tage change of this space is particularly impressive on the axial pancreatic view, 
where 10 of 12 pancreatic body-tail neoplasms were detected with only a 1.8 per cent 


false positive rate. 


HIS communication documents the 

improved accuracy of detecting en- 
largement of the body and tail of the pan- 
creas using the axial pancreatic view. A 
prospective statistical study of 429 patients 
using both the supine translateral and the 
axial pancreatic views was carried out. In 
each view, the determination of enlarge- 
ment was based exclusively on the quanti- 
tative analysis of the pancreatic body-tail 
space, a roentgenographically well de- 
marcated subdivision of the retrogastric 
space. These results were then compared 
with results of an independent evaluation 
of the conventional upper gastrointestinal 
examination and determinations of the 
antrum-to-spine distance on the supine 
translateral view. 

The qualitative signs most commonly 
cited as predictive of enlargement of the 
body and tail of the pancreas are local im- 
pressions and invasion of the stomach and 
ligament of Treitz, downward displacement 
of the ligament of Treitz, and anterior dis- 
placement of the stomach.’ Of these, the 


most reliable sign is a localized extrinsic 
tumor impression on the stomach.'4 

A popular parameter for evaluating pan- 
creatic enlargement is the antrum-to-spine 
distance,?4.67.8 This distance is heavily de- 
pendent on body habitus®" and is most 
reliable in the left lateral erect position.“ 
The best technique for measuring this 
parameter has been described by Poole,® 
who uses a very small amount of barium, 
fluoroscopically applied antral compression, 
and corrections for both body habitus and 
roentgenographic magnification. The major 
limitation of this method is that it is valid 
only for enlargement of the midline pan- 
creatic neck and body, and only when the 
antrum is in the midline overlying the pan- 
creas.’ 

Quantitative parameters of enlargement 
of the body and tail to the left of the mid- 
line have received little attention in the 
literature. Herbert and Margulis‘ de- 
scribed the “‘coronal plane posterior gastric 
body-to-spine distance.” This measure- 
ment is derived from frontal and lateral 
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erect views and theoretically represents 
the true posterior gastric body-to-spine 
distance in the coronal plane. They noted 
that the average measurement in normals 
was twice that of abnormals, suggesting an 
unexpected medial component of gastric 
displacement. These distances, however, 
were insufficiently dissimilar to permit 
differentiation in the individual case. 

The initial observation leading to the 
quantitative approach developed in this 
study was made by Hajdu.? He showed 
that the distal pancreatic body-tail was 
located at the base of a triangular space 
between the posterior gastric wall and 
ligament of Treitz on the supine translat- 
eral view. Seaman eż a/.!° reasoned that 
masses in the pancreatic body-tail should 
therefore separate the gastric fundus from 
the ligantent of Treitz. . 

In a cadaver roentgenographic demon- 
stration, Sorabella ef al? showed that the 
long axis of the pancreatic body-tail 
cylinder was neither in the transverse nor 
coronal planes and, therefore, this organ 
cylinder may be completely obscured in 
some patients by the barium filled stomach 
in the supine translateral view. They de- 
vised a new projection, the axial pancreatic 
view, in which the central roentgen-ray 
beam coincided with the long axis of the 
pancreatic cylinder. In this view the pan- 
creatic body-tail appeared in a barium-free 
space, the pancreatic body-tail space. In 
clinical trials, they noted that in this view 
the identification of the ligament of Treitz 
was facilitated and was occasionally the 
only view to show local gastric impressions 
or quantitative enlargement of the pan- 
creatic body-tail space. Their initial ap- 
praisal was that the space was enlarged if 
a 3.5 cm. circle could be entirely contained 
within it. 

MATERIAL AND METHOD 


Case material for this study was drawn 
from patients referred for upper gastro- 
intestinal examinations at Columbia-Pres- 
hyterian Medical Center. One group was 
composed of patients suspected of having 
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pancreatic disease. A second group included 
randomly selected patients who were hav- 
ing barium meal examinations for reasons 
other than suspected pancreatic disease. 

Supine translateral and axial pancreatic 
views in deep inspiration and deep expira- 
tion, together with a deep expiratory su- 
pine frontal view were obtained on all 
patients. The patient’s abdominal antero- 
posterior dimension was recorded by the 
technician. 

The technique for obtaining the axial 
pancreatic view is as follows: 

1. The patient is given’8 ounces of a 
barium suspension and observed fluoro- 
scopically until the barium reaches the 
ligament of Treitz. 

2. He is placed supine with his left side 
against a vertical cassette. 

3. The foot of the x-ray table is dis- 
placed away from the cassette so that the 
cassette and the patient’s long axis form a 
25° angle, 

4. The patient’s left side is elevated 20°. 

5. A horizontal, 120 kvp, beam is di- 
rected perpendicular to the cassette, cen- 
tering on L, and using a 40 inch focal-film 
distance. 

The conventional upper gastrointestinal 
series were interpreted with the benefit of 
a clinical history by 2 of the authors 
(W.L.C., W.B.S.). Independently, i author 
(W.L.C.) analyzed the pancreatic body- 
tail space measurements of the 2 translat- 
eral and 2 axial pancreatic views without 
knowledge of the patient’s name or clinical 
history. With these measurements, he cal- 
culated the pancreatic body-tail space 
index (vide infra). The frontal view was 
used only to help identify the ligament of 
Treitz on the supine translateral view. 

The examinations were reviewed ap- 
proximately 3 months after they were ob- 
tained. Clinical follow-up continued for an 
average of 6 months. 

Finally, antrum-to-spine measurements 
were taken from expiratory supine trans- 
lateral views on a randomized series of 100 
normal patients with a body habitus dis- 
tribution resembling the whole population. 
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Fic. 1. The pancreatic body-tail space. (4) Supine translateral view. (B) Axial pancreatic view. Lines A, B, 
and C define the space; see text regarding their placement. The perpendicular arrows within the space 
represent the cephalocaudal and anteroposterior dimensions of the space. The multiplied product of these 


2 dimensions is the pancreatic body-tail space index. 


Similar measurements were made on all 
patients with pancreatic neoplasms, pseu- 
docysts, ascites, and acute pancreatitis. This 
measurement was made according to the 
method described by Poppel et al” and 
Hajdu. 

The pancreatic body-tail space indices 
for the 2 views, the antrum-to-spine mea- 
surements, and the results of the conven- 
tional upper gastrointestinal examination 
were analyzed using conventional multi- 
phasic statistical methods, in order to de- 
termine the predictive value of each pa- 
rameter. 


THE PANCREATIC BODY-TAIL SPACE INDEX 


The quantitative parameter evaluated 
for detecting pancreatic body-tail enlarge- 
ment on the supine translateral and axial 
pancreatic views is the pancreatic body- 
tail space index. In both views it is ob- 
tained as follows: 


1. The ligament of Treitz (duodenoje- 
junal flexure) is identified. A line (line A in 
Figure 1, 4 and B) is drawn through the 
cephalic margin of the ligament of Treitz 
perpendicular to the anterior curvature of 
the spine. 

2. The posterior surface of the ligament 
of Treitz is derived by assuming that the 
anteroposterior diameter is the same as 
the easily measured cephalocaudal diame- 
ter. Through this posterior point a line 
(line B) is drawn parallel to the anterior 
surface of the spine. 

3. The posterior gastric body and fundus 
form a line (line C) which, with the previ- 
ous 2 lines, encloses a space, the pancreatic 
body-tail space. 

4. The anteroposterior and _ cephalo- 
caudal dimensions of the space are mea- 
sured through the middle of the space. 

5. Early in our investigation it became 
apparent that the cephalocaudal dimensidn 


(fundus to ligament of Treitz) was a far 
more reliable criterion for detecting en- 
largement than the uncorrected antero- 
posterior dimension. Disproportionate 
elongation of the anteroposterior dimen- 
sion in the face of a normal cephalocaudal 
dimension’ was found not to reflect pan- 
creatic enlargement, but ‘probably a col- 
lection of redundant transverse mesocolon, 
colon, and small bowel loops." Neverthe- 
less, this dimension is of some value, for 
when it is quite small in the presence of a 
long cephalocaudal dimension, it suggests 
that no pathologic enlargement is present. 
Therefore, the following weighted conven- 
tion was adopted. Jf the anteroposterior 
dimension exceeds the cephalocaudal dimen- 
sion by more than 5 mm., the accepted an- 
teroposterior dimension is determined by 
adding 5 mm. to the cephalocaudal dimen- 
sion. 

6. The pancreatic body-tail space index 
is the product obtained by multiplying the 
cephalocaudal and the corrected antero- 
posterior measurements together. This in- 
dex is a rough approximation of the pan- 
creatic cylinder cross sectional area. This 
simplification was selected over plani- 
metric determination of the space’s area in 
order to increase the likelihood of accep- 
tance of the method by practicing radiol- 
ogists. 


RESULTS 


Effect of respiratory phase and projection 
on the pancreatic body-tail space index. The 
mean and standard deviations of the pan- 
creatic body-tail space index in 266 pa- 
tients without evidence of pancreatic dis- 
ease were calculated for the inspiratory 
and expiratory supine translateral and 
axial pancreatic views. There were no 
statistically significant differences on the 
4 views in normal patients (Table 1). The 
upper limit of normal was taken to be 14 
cm., which is greater than 2 standard de- 
viations above the mean in all views. The 
distributions of the index for all 4 views 
were skewed toward the left (Fig. 2, 4 
and B). 
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Interestingly, the mean and standard 
deviations of the index in the 4 views in 
patients with retrocolic Billroth II gastro- 
jejunostomies appear comparable to the 
normal population, although the sample 
size was insufficient for statistical valida- 
tion. This is not unexpected since the land- 
marks which establish the index are un- 
altered: that is, the posterior gastric fundic 
wall is still in intimate contact with the 
pancreatic body-tail cylinder, and the liga- 
ment of Treitz remains unaltered. This is 
not the case for antecolic anastomoses 
where the colon is interposed between the 
pancreas and the stomach. 

Effect of body habitus and projection on 
the pancreatic body-tail space index. Body 
habitus, as determined by the abdominal 
anteroposterior dimension, has significantly 
less effect on the pancreatic body-tail 
space index than on the antrum-to-spine 
distance. The index in the supine trans- 
lateral view is more affected by body 
habitus than in the axial pancreatic view 
(Table 11; and Fig. 3, 4 and B). Neverthe- 
less, in both projections body habitus is 
relatively insignificant as compared to the 
effects of enlargement of the body and tail 
of the pancreas, and can be ignored in the 
assessment of pancreatic body-tail size. 

Reproducibility of the pancreatic body- 
tail space index. Twenty-three patients, 
both normals and abnormals, were roent- 
genographed on 2 separate occasions. The 
intervals between examinations ranged 
from 1 day to nearly 1 year. In none of the 


TABLE I 


EFFECT OF RESPIRATORY PHASE AND PROJECTION 
ON THE PANCREATIC BODY-TAIL SPACE 
INDEX IN CLINICALLY NORMAL PATIENTS 


M Standard 
View x, Deviation 
(cm.?) (ems) 
Inspiratory supine translateral 4.3 4:3 
Inspiratory axial pancreatic 4.6 4.6 
Expiratory supine translateral 4.5 4-3 
Expiratory axial pancreatic 4.3 3.9 
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Fic. 2. The distribution of the pancreatic body-tail space index in 266 normal patients. (4) Expiratory 
supine translateral view. (B) Expiratory axial pancreatic view. All indices 14 cm.’ or larger are greater 
than 2 standard deviations above the mean. The solid bars, therefore, represent the false positive results 
(g patients in the supine translateral view, and § patients in the axial pancreatic view). 


TABLE II - 


EFFECT OF BODY HABITUS AND PROJECTION ON THE PANCREATIC BODY-TAIL SPACE 
INDEX IN CLINICALLY NORMAL PATIENTS 






































Expiratory Supine Translateral Expiratory Axial Pancreatic 
View View 
Anteroposterior Dimension 
Mean Standard Mean Standard 
(cm.”) Deviation. (cm.?) (cm.?) Deviation (cm.?) 
eae neuen ner ea 
Thin (below 21 cm.) 3.0 2.9 4.0 be 
Medium (21-24 cm.) $0 5.0 4.4 4.0 
Heavy (over 24 cm.) Eag vő 4.5 4.3 
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Fic. 3. The effect of body habitus on the pancreatic body-tail space index. 
(A) Supine translateral view. (B) Axial pancreatic view. 
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Fic. 4. Reproducibility of the pancreatic body-tail space index on 2 separate examinations. (4) Supine trans- 
lateral view. (B) Axial pancreatic view. The coefficients of correlation (r) are indicated on the graphs. 


cases was there evidence to suggest that a 
change in pancreatic size was likely in the 
interval. The 2 examinations were inter- 
preted independently of one another. The 
distributions of the resultant indices were 
plotted for the expiratory supine translat- 
eral and axial pancreatic views (Fig. 4, 
A and B). The Pearson product moment 
coefficient, which is a quantitative measure 
of reproducibility, was calculated. This 
coefficient was 0.89 for the supine trans- 
lateral view, indicating good reproducibil- 
ity, and 0.93 for the axial pancreatic view, 
indicating excellent reproducibility. De- 
spite the positional variation inherent in 
taking the axial pancreatic view, the re- 
sulting fluctuations in the index are sur- 
prisingly insignificant. Furthermore, the 
amount of barium in the stomach and the 
use of hypotonic agents seem to have an 
insignificant effect on the index. 

The clinically abnormal populations. The 
clinically abnormal population was divided 
into § groups: (I) pancreatic neoplasms; 
(II) acute pancreatitis; (III) pancreatic 
pseudocysts; (IV) ascites; and (V) mis- 
cellaneous diseases. 

All the neoplasms in Group I were 
proved surgically or at autopsy, both with 
respect to histology and location in the 
pancreas. All neoplasms were carcinomas 
except for 1 malignant histiocytoma and 1 
secretin secreting adenoma. Group I was 


further divided into 3 subgroups: (I-A) in- 
volving the pancreatic body-tail or dif- 
fusely infiltrating the entire gland (12 
cases); (J-B) involving the pancreatic 
body in the midline (2 cases); and (I-C) 
involving. the head of the pancreas (9 
cases), 

Group II consisted of 92 patients with 
pancreatitis. Forty patients (Group II-A) 
were roentgenographed within 2 weeks of 
the onset of symptoms and had a docu- 
mented serum amylase level over 100 May- 
ers-Killian units (normal less than 35). 
The other 52 patients (Group II-B) com- 
prised a more heterogeneous group who 
had had an attack of documented pancrea- 
titis, but did not fulfill the strict criteria 
of Group II-A. This heterogeneous sub- 
group consisted mainly of patients with 
clinically resolved acute pancreatitis as 
defined in the Marseilles classification.® 

Group III consisted of 3 patients with 
pancreatic pseudocysts in the body-tail, 
documented ultrasonographically. 

Group IV included 17 patients with 
massive ascites on physical examination. 
Early in our investigation it became ap- 
parent that these patients exhibited an 
enlarged pancreatic space, possibly be- 
cause of fluid collecting in the lesser sac. 

Group .V was composed of 28 patients 
with miscellaneous upper abdominal masses 
or anatomic anomalies—conditions which 
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ABILITY OF THE PANCREATIC BODY-TAIL SPACE INDEX TO DIFFERENTIATE PANCREATIC 
BODY-TAIL ENLARGEMENT FROM THE NORMAL SIZE PANCREAS 








Abnormal Pancreatic Body-Tail Space Index 


Vou. 195, No: 1 
Taste III 
Group Diagnosis 
I-A Pancreatic body-tail neoplasms* 
I-B Carcinoma of the midline pancreatic body 
Le Pancreatic head carcinoma 
II-A Acute pancreatitis 
II-B Pancreatitis 
Ill Pancreatic pseudocysts 
IV Ascites 


Normal patients 


Total Supine Translateral Axial Pancreatic 
Patients View View 
II 6 9 
2 O O 
9 O O 
40 I$ 22 
52 12 13 
3 3 3 
17 7 II 
266 9 (3.3 per cent) 5 (1.8 per cent) 


* In a twelfth patient, a carcinoma was detected on the axial pancreatic view, but this was excluded from the series since no supine 


translateral view was obtained. 


might be expected to alter the landmarks 
of the pancreatic space. 

Ability of the pancreatic body-tail space 
index to discriminate between normal pa- 
tients and those with pancreatic body-tail 
enlargement. The pancreatic body-tail space 
indices for the expiratory supine translat- 
eral and axial pancreatic views were ana- 
lyzed for their ability to discriminate be- 
tween normal patients and those with pan- 


creatic body-tail enlargement. All indices 
of 14 cm.” or larger were considered abnor- 
mal. The results are shown in Tables 111 
and iv. The axial pancreatic view showed 
more cases of carcinoma of the pancreatic 
body-tail (9 versus 6), acute pancreatitis 
(22 versus 15) and ascites (11 versus 7) than 
the supine translateral view and with fewer 
false positives (1.8 per cent versus 3.3 per 
cent). Both views detected the 3 large pan- 


TABLE IV 


PANCREATIC BODY-TAIL SPACE INDEX IN PATIENTS WITH MISCELLANEOUS UPPER ABDOMINAL 
MASSES OR ANATOMIC ANOMALIES (GROUP V) 


Abnormal Axial 


Condition 


Carcinoma of biliary system 
Carcinoma of stomach 
Retro-pancreatic lymphoma 
Retro-pancreatic metastases 
Unspecified retrogastric mass 
Splenomegaly 
Transverse mesocolic abscess 
Transverse mesocolic hematoma 
Upper abdominal aortic aneurysm 
Lesser sac abscess 
Calcified pancreatic head cyst 
Massive left hydronephrosis 
Multiple small bowel resections 
Intestinal malrotation 

Total 


Total Patients 


Abnormal Supine 
Translateral View Pancreatic View 


_ O O 
I O O 
3 O O 
3 O 2 
I I I 
6 3 2 
I O O 
I I I 
5 O O 
I I O 
I I O 
I O I 
I O I 
3 I I 
28 8 9 e 
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Frio. 5. Ability of the pancreatic body-tail space index to detect enlargement of the pancreatic body-tail. 
(4) Neoplasms (Group I-A). (B) Acute pancreatitis (Group H-A). (C) Pseudocysts (Group III), and a 
pancreatic histiocytoma. (D) Ascites (Group IV). The dotted lines represent the upper limits of normal 
for each view. Note that very large masses are detected with equal ease in the supine translateral and axial 
pancreatic views (C). In 4, B, and D, there are many patients whose indices fall near the abscissa just to 
the right of the dotted vertical line. These patients are those whose degree of body-tail enlargement was 
moderate and, therefore, detected only on the axial pancreatic view. 


creatic pseudocysts and neither view de- 
tected carcinoma of the pancreatic head, 
neck and midline body. 

-= Figure 5, 4-D, demonstrates plots com- 
paring the indices in the supine translateral 
and axial pancreatic views for all patients 
in Groups I-A, II-A, HI, and IV. The 
graphs show that masses producing very 
large indices (greater than 30 cm.) in I 
view are likely to produce comparable en- 
largement in the other view. But in 16 
patients, the index calculated from the 
axial pancreatic view showed mild to mod- 
erate elevation (14 cm.? to 30 cm.*), while 
the supine translateral view remained nor- 


mal. On the other hand, the supine trans- 
lateral view showed elevations of the index 
in only 3 patients having normal indices 
on the axial pancreatic view. 

Comparative discrimination of the pan- 
creatic body-tail space index and the antrum- 
to-spine distance in the supine translateral 
view. In the supine translateral view, the 
ability of the pancreatic body-tail space 
index to discriminate between normal and 
enlarged pancreatic body-tails was com- 
pared with the results of the antrum-to- 
spine dimension. The index proved sub- 
stantially more predictive of the presence 
of pancreatic body-tail neoplasms, pseudo- 
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Taste V 


COMPARATIVE ABILITY OF THE PANCREATIC BODY-TAIL SPACE INDEX AND THE ANTRUM-TO-SPINE DISTANCE 
TO DIFFERENTIATE PANCREATIC BODY-TAIL ENLARGEMENT FROM THE NORMAL SIZE PANCREAS 
IN THE SUPINE TRANSLATERAL VIEW 


Duges Total Abnormal Antrum- Abnormal Pancreatic 
Patients to-Spine Distance Body-Tail Space Index* 
Pancreatic body-tail neoplasms (Group I-A) II 2 6 
Acute pancreatitis (Group II-A) i 40 7 IS 
Pseudocyst (Group III) a I 3 
Ascites (Group IV) 17 10 


Normal patients 


* Refers only to the supine translateral view. 


cysts and acute pancreatitis, and with a 
lower false positive rate, 3.3 per cent 
versus 5.0 per cent (Table v). Ascites, on 
the other hand, was more often detected 
with the antrum-to-spine dimension. Per- 
haps this latter observation results from 
the floating position of the gastric antrum 
above the ascitic collection in the greater 
Sac. 

Comparative accuracy of the axtal pan- 
creatic view and the conventional upper gas- 
trointestinal examination. The pancreatic 
body-tail space index in the axial pancreatic 
view was significantly more predictive of 
pancreatic body-tail enlargement than was 
the conventional upper gastrointestinal 
series (Table v1). In patient Groups I-A, 
II-A, and III, the axial pancreatic view 


7 
/100 (5.0 percent) 9/266 (3.3 per cent) 


detected pancreatic body-tail enlargement 
in 61 per cent of cases compared to 15 per 
cent for the upper gastrointestinal series. 
As expected, the axial pancreatic view was 
not useful for diagnosing enlargement of the 
head of the pancreas. Evidence of pan- 
creatic head enlargement was present in 
42 per cent of upper gastrointestinal series 
in Groups I-A, II-A, and III. 

Forty-six patients in Groups I-A, II-A, 
and III underwent both upper gastroin- 
testinal series and axial pancreatic views. 
In only 2 cases was the axial pancreatic 
view normal in the face of an abnormal 
upper gastrointestinal series. Both cases 
were patients with acute pancreatitis in 
whom abnormalities of the second portion 
of the duodenum were seen. 


Taste VI 


COMPARATIVE ABILITY TO DETECT ENLARGEMENT OF THE PANCREATIC BODY-TAIL USING THE AXIAL 
PANCREATIC VIEW VERSUS THE CONVENTIONAL UPPER GASTROINTESTINAL EXAMINATION 


Upper Gastrointestinal Series 


Axial Pancreatic 
Diagnosis View Tail Head 
ap Abnormalities Abnormalities 
No. Per Cent  ————— m > 
No. Per Cent No. Per Cent 
Pancreatic body-tail neoplasms (Group I-A) 10/12 (83) 1/12 (8) 5/12 (42) 
Pancreatic midline body carcinoma (Group J-B) 0/2 0/2 0/2 
Acute pancreatitis (Group H-A) ` 99/40 (55) 3/31 (10) 12/31 (39) 
a. With enlarged index (22 patients) ~- 3/19 (16) 10/19 (53) 
b. With normal index (18 patients) — 0/12 (0) 2/12 (17) 
Pseudocyst (Group III) 3/3 3/3 _ 3/3 a 
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DISCUSSION 
This study was undertaken to test our 


clinical impression that significant im- . 


provement in detecting pancreatic body- 
tail enlargement could be achieved by sup- 
plementing the upper gastrointestinal ser- 
ies with the axial pancreatic and supine 
translateral views. On each view, a “pan- 
creatic body-tail space” may be identified 
(Fig. 1, 4 and B) that corresponds to the 
cross sectional area of the pancreatic body- 
tail. This space is reproducible from exam- 
_ ination to examination, and its size is little 
affected by differences in body habitus. 
Moderate pancreatic body-tail enlarge- 
ment increases the size of the pancreatic 
body-tail space, even though the over-all 
retrogastric space may not be noticeably 
altered. The axial pancreatic and supine 
translateral views are most sensitive when 
taken in full expiration. 


The calculation of the pancreatic body- 


tail space index on the axial pancreatic 
view is the single most accurate method for 
detecting pancreatic body-tail enlargement 
on the barium meal examination. Both the 
axial pancreatic and supine translateral 
views are clearly superior to the conven- 
tional upper gastrointestinal series in this 
regard. 

A generally accepted observation has 
been that the upper gastrointestinal series 
is more sensitive in detecting enlargement 
- of the pancreatic head than the pancreatic 
body-tail. Our data show that when dif- 
fuse pancreatic enlargement is present, the 
axial pancreatic view is more sensitive for 
detecting the enlargement of the pancreatic 
body-tail than is the upper gastrointestinal 
series for detecting abnormalities of the 
pancreatic head. And while the 2 studies 
are complementary, in only 2 of 46 patients 
. did the upper gastrointestinal series reveal 
evidence of diffuse pancreatic disease when 
the axial pancreatic view was normal. The 
axial pancreatic view is also significantly 
more sensitive than the antrum-to-spine 
_distance, another measurement that has 
been used to diagnose pancreatic enlarge- 
ment. 
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A variety of disease processes were in- 
cluded which might cause enlargement of 
the retrogastric space. Ascites, spleno- 
megaly, and midgut malrotation often 
cause’ an increase in the pancreatic body- 
tail space index. These conditions can 
usually be suspected on the supine frontal 
roentgenogram taken in conjunction with 
the axial pancreatic and supine translateral 
views. When ascites, splenomegaly, or 
midgut malrotation is present, an increased 
body-tail space index is not a reliable tndi- 
cator of pancreatic body-taH enlargement. 

Diagnostic accuracy was better for neo- 
plasms (10/12 cases) than for acute pan- 
creatitis (22/40 cases). This probably re- 
flects the fact that not all cases of acute 
pancreatitis are accompanied by significant 
swelling of the gland. Also, swelling may be 
transient or focal, and therefore be missed 
at the time of roentgen examination. Spe- 
cific pathologic data on the frequency of 
pancreatic enlargement in acute pancrea- 
titis are not available. In addition, our 
sample of patients with body-tail neo- 
plasms is admittedly small. The 10/12 de- 
tection rate may not remain quite so high 
as more cases are accumulated. Nonethe- 
less, the superiority of the axial pancreatic 
and supine translateral views over the con- 
ventional upper gastrointestinal series and 
the antrum-to-spine distance seems well 
established. 

It is currently our policy to obtain a 
“pancreatic series” on any patient referred 
for upper gastrointestinal examination for 
suspected pancreatic disease. This “pan- 
creatic series” consists of axial pancreatic, 
supine translateral, and supine frontal 
abdominal roentgenograms. These views, 
plus conventional or hypotonic examina- 
tions of the duodenal sweep, permit the 
roentgenographic diagnosis of most pan- 
creatic enlargements. 


William B. Seaman, M.D. 


_ Department of Radiology 


Columbia-Presbyterian Medical Center 
622 West 168th Street 
New York, New York 10032 
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NEW THOUGHTS CONCERNING XANTHO- 
GRANULOMATOUS PYELONEPHRITIS (X-P)* 
By S. GAMMILL, M.D., J. G. RABINOWITZ, M.D., R. PEACE, M.D., 


S. SORGEN, M.D., L. HURWITZ, M.D., and E. HIMMELFARB, M.D. 
MEMPHIS, TENNESSEE 


ABSTRACT: 


A clinical and roentgenographic analysis of 13 patients with pathologically proved 
xanthogranulomatous pyelonephritis (X-P) has demonstrated that many previously 
accepted truisms associated with this disease may not be valid. As a result of this 


study it is suggested that X-P: 


May arise relatively acutely. 


TARR OPH 


May be associated with diabetes. 


Does have a predominant female distribution. 


. Can be associated with a well-functioning kidney. 

May destroy the kidney and collecting system. 

Does not demonstrate neovascularity. 

Can be distinguished angiographically from hypernephroma. 


Other important facts were again observed: 


1, X-P is still often associated with staghorn calculi and urinary tract obstruction. 
2. Proteus mirabilts is the main offending organism. 


T following thoughts and cbserva- 
tions have been associated with xan- 
thogranulomatous pyelonephritis (X-P): 
X-P: 


. has no predominant sex distribution; 

2. is often associated with calculi; 

3. occurs as a long standing chronic dis- 
ease; 

4. is associated mainly with a non- 

functioning kidney; 

. does not destroy the collecting sys- 

tem; 

demonstrates neovascularity as a 

roentgenographic feature; 

7. cannot .be distinguished angiographi- 
cally from adenocarcinoma; 

8. is not associated with other diseases; 
and. 

g. Proteus miratilis is the main offending 

organism. 


=e 
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We have demonstrated by analyzing 13 


cases of X-P that many of these observa- 
tions are incorrect. 

In this report we will evaluate the find- 
ings and roentgenographic features ob- 
served in these 13 patients. By so doing we 
propose to refute certain concepts, support 
some, and introduce others. 


MATERIAL 


Of the 13 patients with X-P, 11 were 
females and 2 were males. Ages extended 
from 14 to 72 years with the majority older 
than 40 (Table 1). 

A history of urinary tract infection that 
had lasted from months to years was 
elicited in most patients. One patient, how- 
ever presented with an acute infection with 
no previous history of urinary tract infec- 
tion. In another case, we were able to docu- 
ment the onset of the infection I month 
prior to operation. 

All patients were studied by intravenous 


* Presented at the Seventy-fifth Annual Meeting or the American Roentgen Ray Society, San Francisco, California, September 24- 


My, 19°74. 


From the Denna of apana Radiology and Pathology, Baptist Memorial Hospital and University of Tennessee Center for 
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pyelography and angiograpny. Retrograde 
pyelography was performed in 2 patients 
who demonstrated nonvisualization of the 
involved collecting system on the excretory 
urogram. Calculi were present in 8 patients, 
and in 8 patients (not the same 8) the dis- 
ease was localized as either a unilocular or 
multilocular mass. The remaining 5 kidneys 
were diffusely involved with infection. The 
diagnosis of X-P was confirmed on patho- 
logic examination following surgical re- 
moval of the kidney in all patients except 2. 
In 1 a biopsy was performed because the 
disease was too extensive to be removed; it 
had grown cephalad to involve the dia- 


phragm. In the other patient, the diagnosis 
of X-P was made angiographically. At 
operation it was felt that she had cancer, 
and a frozen section of a biopsy of her kid- 
ney was reported as such. She was signed 
out of the hospital as “... renal carci- 
noma...” even though the final sections 
showed chronic inflammation. She died 2 
years later and at necropsy, the diagnosis 
of X-P was made. The disease had spread 
to involve her duodenum and diaphragm. 


PATHOLOGY 


Xanthogranulomatous pyelonephritis is 
an aggressive infection of the kidney char- 


TABLE I 


DATA ON I3 CASES 


Category 
Epinephrine 
Sex | Age | Calculus [Diabetes| Post- Function | A Local Organism . Comments 
partum [Involved *_Not done 
multikcular j 
B. Diffuse 
4} multilocular- i polycystic 
hypervascular kidneys 
+ unilocular Proiens m. : 
avascular 
+ unflocular E. cols . 
avasculsr 
-+ unilocular Proteus m. as developed cuta- 
avascular neous fistula 
+ unflocular -+ inoperable 
vascular 
+ + pre-op. Dx-XP 
(poor) hypervascular 
+ unflocular > 
hypervascular 
+ multilocular- Proteus m a pre-op. Dx-Ca 
hypervescular 
+ multilocular Proteus m : pre-op. Dx-XP 
(poor) 
+ diffuse- $ rt. Pre-op. Dx-XP 
(poor) hypervescular a. Biopsy Dx-Ca 
3. Autopsy Dx-XP 
+ diffuse- Proieus- s pre-op. Dx-XP 
{poor} hypervascolar Klebsiella 
= diffuse- , 
hypervascular 
— diffuse- Proteus m x 
hypervascular 
Total 
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hig. 1. Intravenous pyelogram reveals good opacifi- 
cation of the superior collecting systems. Inflam- 
matory mass is present within the lower pole 
containing multiple calculi. 


acterized by abscess formation surrounded 
by inflammatory foam, plasma, and multi- 
nucleated giant cells as well as an intense 
collagenous and fibrous reaction. One can 
differentiate this form of abscess from 
others by its yellow color owing to the nu- 
merous large lipid contained cells and multi- 
nucleated giant cells. The affected kidney is 
usually enlarged and surrounded by a thick 
fibrous capsule. Microscopically, abscesses 
are usually multiple with necrotic centers 
but become more cellular and fibrotic to- 
ward the margin. Immediately adjacent to 
the necrosis are chronic inflammatory cells; 
that is, plasma cells, lymph cells, and 
histiocytes laden with lipid, the so-called 
xanthoma cells. Peripherally, fibrous tissue 
and collagenous tissue surround the ab- 
scesses; this tissue contains blood vessels. 

he number of vessels present varies from 
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lesion to lesion. The over-all structural 
architecture of the vessels appears normal, 
e.g., the entire wall consists of the usual 
intima, muscularis, and adventitia. How- 
ever, these vessels are frequently con- 
glomerate and distorted in appearance, as 
well as hypertrophied. 


ROENTGENOGRAPHIC FEATURES 


On excretory urography, we observed 
enlarged kidneys or mass lesions within the 
involved kidney. The renal outline was 
often indistinct because of perirenal inflam- 
matory response. Eight involved kidneys 
contained calculi, 6 of which were staghorn. 
In all 8 patients with localized disease, the 
diseased kidney showed some degree of 
function (Table 1). In 6, good visualization 
(function) of the collecting system was 
present (Fig. 1), whereas the urograms in 
the remaining 2 showed only poor function. 
In the part of the kidney that was involved 
with infection, the calyces were elongated 
and separated, and occasionally amputated. 
In 3 of the patients with diffuse involve- 
ment, some degree of calyceal opacification 
was present, although somewhat dimin- 
ished. Two involved kidneys showed non- 
function. Retrograde pyelograms of these 2 
patients showed calyces that were dilated 
and eroded. 

Vascular patterns of the involved kid- 
neys varied according to extent of involve- 
ment. We classified the localized lesions as 
vascular if parenchymal opacification oc- 
curred within the lesion during the nephro- 
graphic phase, or avascular if no parenchy- 
mal opacification was observed. Six of these 
cases with localized disease were unilocular; 
2 were multilocular. In all of these lesions, 
blood vessels were displaced and rearranged 
around and within the affected part of the 
kidney (Fig. 24). The more vascular the 
lesion, the more distorted the vessels ap- 
peared. In general, all the vessels tapered 
normally in caliber and demonstrated no 
arteriovenous communications or early 
venous filling (Fig. 3). While these dis- 
torted and rearranged vessels showed an 
appearance somewhat akin to tumor vascu- 
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Pig. 2. Localized unilocular disease. (4) The vessels are Spliced Shan the mass. Mild degree of hyper- 
vascularity is noted. (B) Epinephrine study. The vessels supplying infected area are completely contracted. 


K: 


larity, in most cases we could distinguish 
between the 2. In 2 patients with localized, 
unilocular disease, we injected intra-arterial 
epinephrine. All vessels supplying the af- 
fected part of the kidney contracted (Fig. 
2B). This diagnostic method unfortunately 
was not utilized in any of the remaining 
patients. This positive response 1s contrary 
to the negative results reported previously.’ 

In all our cases that were vascular, the 
appearance of the vascularity was in our 
opinion mostly due to distortion and re- 
arrangement of the normally present ves- 
sels. Possibly, additional vessels which are 
not normally visible enlarge and become 
visible on the angiograms, probably in re- 
sponse to the increased demand for blood 
caused by the inflammatory response 


(Fig. 4).’ 
DISCUSSION 


Surprisingly little attention has been 
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given to the question of sex predominance 
in X-P. Nevertheless, Anhalt eż al.) after 
reviewing the literature, noted that 70 per 
cent of the patients were female. The same 
authors added 4 more patients to the 
series; all female. Noyes and Palubinskas’ 
also noted a slight female preponderance in 
their series. To further support this, 11 of 
our 13 patients were female. All of our pa- 
tients were from general hospitals. The sex 
distribution is therefore random and not 
selective. It appears then that women may 
be more prone to infection with X-P. 

The association of X-P and calculi is so 
common that many consider its presence 
and accompanying obstruction as necessary 
features for the diagnosis. The incidence of 
calculi has been quoted as high as 70 per 
cent.! This finding was present in 8 of our 
13 patients (approximately 60 per cent). 
Most of the calculi (6 of 8) were staghorn, 
although in 1 patient a stone was lodged 
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Fic. 3. Diffuse disease. Moderately vascular lesion 
with multiple vessels coursing somewhat irregu- 
larly in direction. The vessels are basically dis- 
torted and rearranged and show none of the 
changes associated with tumor vascularity. 


within the proximal ureter and in another, 
calculi were identified within the lesion it- 
self. There was an apparently increased 
incidence of staghorn calculi in patients 
with local involvement (Table 1). 

In most cases the evolution of the xan- 
thogranulomatous process developed over 
periods ranging from months to years. Be- 
cause of this, it has been believed that this 
disease originates as a long-standing, low 
grade infection with subsequent tissue de- 
struction and release of certain lipids that 
stimulate the histiocytic response.! In most 
of our patients the infection had persisted 
for many months. One patient with poly- 
cystic kidneys was studied clinically and 
roentgenographically and exhibited no signs 
or symptoms of urinary tract infection. 

hree months later she became pregnant 
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and was aborted for medical reasons. Im- 
mediately thereafter she developed chills 
and fever. Excretory urography and an- 
giography showed that the right kidney 
had enlarged and was slightly more vascu- 
lar than it was on the study 3 months pre- 
viously (Fig. 4). Another 16 year old 
woman developed an acute infection in her 
right kidney immediately post partum. 
Both of these patients were diabetic and 
both kidneys when removed surgically 
were involved with X-P. Consequently, it 
is possible that the disease may arise rela- 
tively quickly and that other factors be- 
side the age of the infection may be re- 
sponsible for the development of the 
disease. 

Another feature previously considered 
highly significant in X-P is a non-function- 
ing kidney.'-* This had been described 
with diffuse as well as local disease. Never- 
theless, all 8 of our patients with localized 
or segmental involvement of the kidney 
demonstrated little or no functional im- 
pairment. In fact, the presence of staghorn 
calculi in 5 of these patients had little effect 
upon the ultimate function. This seems 
quite understandable since most subacute 
or chronic abscess, X-P included, when 
walled off behave only as space occupying 
masses. An acute exacerbation of the dis- 
ease, however, with extension beyond the 
abscess wall could eventually be responsible 
for loss of function. Even in the 5 cases with 
diffuse renal involvement, 3 demonstrated 
some degree of function. The concept that 
a non-functioning kidney is a necessary 
manifestation of xanthogranulomatous pye- 
lonephritis is, in our experience, not valid. 

Localized, encapsulated X-P may distort 
only the calyces without invading the 
neighboring collecting system. However, in 
some situations, particularly with diffuse 
involvement, the disease can erode and de- 
stroy the calyces as was demonstrated in 
our 2 patients on whom retrograde pyelog- 
raphy was performed. Extension beyond 
the kidney has also been noted, and in 1 of 
our cases the inflammatory process ex- 
tended across the midline, involving all the 
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Fic. 4. Polycystic disease—with X-P. (4) Pre-infection—2 months before. The vessels are diffusely spread 


and thinned. (B) Post-infection—1 month following onset of renal infection. The kidney is enlarged and 
the vessels further spread apart and thinned. Additional smaller branch vessels are now apparent. 


perirenal structures as well as the dia- 
phragm. In another it invaded the duode- 
num and diaphragm. 

The question of whether other under- 
lying diseases are associated with or are 
responsible for xanthogranulomatous pye- 
lonephritis has not been previously alluded 
to. Nevertheless, 7 of our patients were 
diabetics. This is a surprisingly high inci- 
dence. Since diabetics are more prone to 1n- 
fection and suppuration, it is conceivable 
that X-P may be another complication 
added to chronic infection in these patients. 
The underlying changes in lipid metabolism 


may also contribute to the formation of 
X-P. Two of our patients with diabetes 
presented with X-P in the immediate post- 
partum period. In 1 the course of the disease 
lasted for only 1 month prior to nephrec- 
tomy. This span is short in comparison to 
that seen in most of our patients and in 
others recorded in the literature. Although 
no definitive conclusion can be established 
in this small series, further investigation 
regarding the association of the 2 diseases 
is definitely warranted. 

Proteus mirabilis was the most common 
organism cultured. Æ. coli and Klebsiella 
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Tumor vessel cross section in a renal adenocar- 
cinoma consists basically of endothelium sur- 
rounded partially by fibrous connective tissue. 
(B) Cross section of a vessel present in X-P dem- 
onstrates a normal architecture. The endothelium 
is surrounded by muscularis and adventitia. 


were also obtained. The essential feature in 
all these patients is a chronic suppuration 
with an organism of low virulence. Proteus 
mirabilis when injected experimentally into 
rabbits with elevated lipids has induced 
xanthogranulomatous response.! However, 
inappropriate antibiotic administration or 
weak body defenses may add to the 





Fic. 6. Tumor. Angiography shows neovascularity. 
(4) Early arteriographic study demonstrates ir- 


problem. regular vessels with early venous filling. (B) A 

Most authors insist that neovascularity detailed examination of the tumor vessels reveals 
is an integral part of the response of the extremely tortuous vessels that run in a purpose- 
kidney to X-P. It has also been the general less direction. The vessels widen and narrow ir- 


; regularly. 
contention of most authors that because of 8 ; 


E ; > 
this neovascularity, X-P cannot usually be 
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Fic. 8. Localized multilocular disease. This is a 
hypervascular lesion that may be confused with 
tumor. Careful observation reveals vessels that, 
although slightly directed in random fashion, 
taper relatively normally as they extend toward 
the periphery. Also, with this degree of vascularity 
tumor should demonstrate other features antici- 
pated; e.g., arteriovenous communication, puddling 
or early venous filling. 


>> 
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Fic. 7. Nephrogram X-P reveals blotchy, somewhat 
irregular opacification. This is opacification within 
a somewhat distorted renal parenchyma. (Same 
arteriogram in Figure 3 shows that surrounding 
lucent structure compressing upper pole area is 
peri-renal extension of the disease.) 





>> 


Fic. 9. Diffuse X-P. Angiographic study of a patient 
with diffuse involvement reveals marked elonga- 
tion and spreading of the vessels. Small vascular 
twigs and early branches somewhat irregular in 
shape are noted. 
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Fic. 10. Local unilocular disease. (4) Few interlobar vessels are stretched around the periphery of a rela- 
tively avascular mass in the upper pole. (B) Nephrogram reveals an avascular lucent mass surrounded by 


a thick wall capsule. 


differentiated from adenocarcinoma of the 
kidney.?:61! 

A cross section of a vessel from a kidney 
involved with adenocarcinoma shows that 
the vessel consists only of endothelium par- 
tially surrounded by fibrous connective 
tissue (Fig. 54). By contrast, comparative 
studies of vessels present in X-P show basi- 
cally “normal” vessels, that is, the endo- 
thelium is surrounded by a muscularis 
composed of hypertrophic, smooth muscle 
and an adventitia. This observation was 
confirmed by staining multiple sections of 
carcinomas and X-P’s with Masson’s 
trichrome stain that differentiates fibrous 
connective tissue from smooth muscle. 
These observations indicate that the vessels 
present within the tumor are basically new 
vessels or true neov.scularity because their 
wails are composed of fibrous connective 
tissue and contain no smooth muscle. Since 
smooth muscle neither proliferates nor re- 


generates, the vessels associated with X-P 
are not new vessels: X-P forms no neovascu- 
larity. 

If X-P produces no neovascularity then 
what have observers been mistaking for it? 

Does inflammatory vascularity fulfill the 
same criteria angiographically as neovascu- 
larity and as a result is it indistinguishable 


from neovascularity? 


Angiographically, neovascularity is char- 
acterized by extremely tortuous vessels 
that are completely purposeless in direc- 
tion, the lumens of which do not taper 
normally but rather widen and narrow in a 
disorderly fashion. Neovascularity is asso- 
ciated with puddling, tumor staining and 
early venous filling (Fig. 6). 

For the purpose of discussion of the an- 
giographic findings we have divided X-P 
into 2 main categories: (1) localized, either 
uni- or multilocular; and (2) diffuse. 

If one compares a hypervascular localized 
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leston encountered in X-P to a renal cell 
carcinoma, one notes that the‘vessels in 
X-P often taper toward the periphery, are 
usually not purposeless in direction, pro- 
duce no puddling, staining or early venous 


filling. Although X-P may present an ap- . 


pearance suggesting staining, careful ob- 
servation will show that this appearance is 
due to opacification of renal parenchyma 
that has been distorted by the inflamma- 
tory response (Hig. 7). Moreover, vessels 
supplying X-P may contract when epi- 
nephrine is injected into them. Although, 
the vessels involved with the multilocular 
variety of X-P are somewhat purposeless in 
direction and appear to narrow and widen 
somewhat, the degree and appearance are 
remarkably different from those in a tumor 
(Fig. 8). 

Finally, diffuse lesions should never be 
confused with adenocarcinoma of the kid- 
ney, for not only does the over-all pattern 
of these vessels differ in appearance be- 
tween these diseases, but adenocarcinoma 
almost never involves the entire kidney. 
Some vascular patterns produced by squa- 
mous cell carcinoma may, however, re- 


semble those produced by X-P (Fig. 9; 


and 10).° 


Nevertheless, the avascular, solitary mass . 
lesions (X-P) cannot be definitively distin- - 
guished from necrotic avascular adenocar- ` 


cinomas on angiographic findings alone. 
Other roentgenologic and clinical findings 
must be applied in these cases. This premise 
also holds true for abscesses of the kidney 
without xanthomatous changes.®1° 


S. Gammill, M.D. 

Department of Diagnostic Radiology 
Baptist Memorial Hospital 

899 Madison Avenue 

Memphis, Tennessee 38146 
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THE SIGNIFICANCE OF THERMOGRAPHY IN THE 
DIAGNOSIS OF ACUTE ABDOMINAL DISEASE* 


By PEKKA PELTOKALLIO, ULLA SVINHUFVUD, MAURI RANTAKAULIO, 
and KARI VARJORANTA 
HELSINKI, FINLAND 


ABSTRACT: 


Thermography appears to be a useful supporting aid to classical methods of ex- 
amination in the clarification of the problems of acute abdominal disease. In a study 
of too patients thermography was in support of the true diagncsis in acute appendi- 
citis in 63 per cent, in acute biliary tract disease in $9 per cent, and, in an attempt to 
differentiate between tumor and periappendicular abscess, assistance was rendered 
by thermography in 53 per cent of patients. However, some uncertainty exists be- 
cause carcinoma often produces in its environment an inflammatory reaction, which 
causes an increase of temperature visible in the thermogram. In the present series 
thermography produced a finding supporting the correct diagnosis in §9 per cent. 
Errors occurred most often in obese patients, who have thick abdominal covers. 
Thermography also has an obvious application in the localizing of postoperative 


suppurative foci. 


T patient with acute abdominal dis- 
ease is occasionally highly problematic 
to the examining physician: in spite of the 
development of medicine and the improve- 
ment of diagnostics in all areas, new meth- 
ods of diagnosis aiding the acute abdominal 
patient have been few. It is true that owing 
to advances in anesthesia, understanding of 
fluid balance, and antibiotic treatment the 
mortality in appendicitis, for instance, has 
greatly decreased in the recent decades; it 
is also a fact, however, that we are con- 
tinually losing patients due to appendicitis. 
This is by no means always caused by the 
patient’s tardiness. Part of the appendicitis 
mortality also has to be assigned to diag- 
nostic error. 

Thermographic examination has spread 
in medical use during the most recent 
decade. The beginning was made when in 
1964 the Canadian surgeon Ray Lawson!’ 
published his breast cancer studies. He 
demonstrated that breast cancer is warm 
and observable by a temperature measure- 
ment. Thermography has been extensively 
applied together with mammography in 
the diagnosis of mammary tumor.®® The 


accuracy of thermography in breast tumors 
has been about 75-90 per cent in different 
series. 

Thermography is also applied with fair 
success in examinations for various circula- 
tory disorders®! and rheumatoid changes. 

In supplementation of other methods, 
thermography is used, although with less 
reliable results, in the examination of 
venous thrombosis, thyroid nodules,’ and 
in obstetrics for determining the location of 
the placenta, etc. 

Our search revealed only 1 thermo- 
graphic investigation concerning acute ab- 
dominal disease, made in 1968 by Buwalda? 
with a comparatively small series. 

It was our desire to determine if ther- 
mography has a significant place in the 
diagnosis of acute appendicitis, acute chole- 
cystitis, and abscesses in the abdominal 
cavity. 


MATERIAL AND METHOD 


A total of 100 patients with acute ab- 
dominal disease was examined during the 
years 1970—1973 by thermography at the 
Second Department of Surgery, Helsinki 


e “From the Second Department of Surgery and the Radiological Department, Helsinki University Central Hospital, Helsinki, 


Finland. 
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University Central Hospital. 

The apparatus used in the studies was an 
AGA Thermovision Model 551, by the aid 
of which the infrared radiation emitted by 
the patient was measured. The temperature 
measurement was made from the patient’s 
abdominal skin with the aid of a mirror 
placed at an angle of 45 degrees. The pa- 
tient was kept for about Io minutes prior to 
the examination with the area in question 
free of clothes in order to eliminate the 
thermal pattern produced by the clothing. 

The temperature of the region presenting 
symptoms was measured and compared 
with the surrounding areas and the corre- 
sponding, contralateral location. The iso- 
thermal curves could be evaluated to give 
the temperature difference betweeen the 








Number in 
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comparson areas in degrees Centigrade. 
Owing to the fairly strong basic thermal 
pattern, only differences exceeding 1°, or 
preferably 2°, can be interpreted as patho- 
logical. In violent inflammations tempera- 
ture diferences up to 4-5° may be noted. 

The too patients with acute abdominal 
disease examined by thermography dis- 
played zhe following distribution according 
to disezse groups: 


Group I. Biliary group (acute) 4I cases 
Group II. Appendicitis group 27 cases 
Group III. Abscess/Tumor group 32 Cases 
Sixty-three of the patients examined 


were female and 37 were male. 
The age distribution in 
groups was as follows: 


the difterent 


Abscess/Tumor 





Age Biliary Group Group Group Total 
Under 29 O 13 2 15 
20-39 years 5 4 4 13 
40-59 years 19 7 II 37 
Over 60 17 3 1s 35 

Total 4I 27 32 100 





Fic. 1. (4 and B) The patient had acute appendicitis, and in the thermographs a hot spot can be seen on the 
right lower abdomen (low on your right in the figure). 
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After the final diagnosis had been estab- 
lished, the series was analyzed separately 
for each group. A temperature difference of 
2° or higher was considered as supporting 
the presence of inflammation. 

I—Biliary Group (acute). This group was 
comprised of 11 male and 30 female pa- 
tients who had been admitted to the emer- 
gency ward owing to abdominal distress. 
The relation of thermography to the con- 
ventional means of examination, including 
history, clinical status, and leukocyte count, 
is shown by the following table. 

Relation of thermography and diagnosis. 


In 
Support 

History 

Negative I 

Distinct 3 

Strong 16 
Clinical status 

Negative a) 

Distinct 7 

Strong 13 
Leukocyte count 

Under 8,000 3 

8 ,000-10,000 3 

Over 10,000 14 


The table reveals that the history of the 
patient failed to corroborate the diagnosis 
of acute biliary inflammation in 6 cases and 
the clinical examination in 4, while the 
leukocytes were not elevated in 7 patients. 
Thermography proved misleading in 3 cases. 

One case of empyema of the gallbladder 
with leukocytosis of 11,000, body tempera- 
` ture 38°C., and a severe disease both anam- 
nestically and clinically, was interpreted as 
a clear case of inflammatory biliary disease. 
The temperature difference in thermog- 
raphy was zero, however.. Operation re- 
vealed gallbladder empyema. 

Two other patients had clear-cut acute 
gallbladder inflammation (distinct leuko- 
cytosis and obvious disease both anam- 
nestically and clinically). Furthermore, 1 
of them already suffered from peritonitis 
when the operation was undertaken. In 
‘spite of this no temperature differences 
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were elicited. All 3 patients with erroneous 
result were obese and had thick abdominal 
covers. 

Results of thermography in biliary pa- 
tients: 


Finding in support of the 
diagnosis (average tem- 
perature difference 2-4°) 

No significance in regard 
to diagnosis 

Misleading 


24 patients (59 per cent) 


14 patients (34 per cent) 
3 patients (7 per cent) 


In none of the cases was thermography the 
sole examination supporting the diagnosis. 


Without 
Significance Misleading Total 
5 o 6 
6 o 9 
7 j 26 
4 O 4 
7i 2 16 
7 I aI 
4 o 7 
5 O 8 
9 3 26 


TI—Appendicitis Group (Fig. 1, A and 
B). This group consists of 27 patients, 17 
women and Io men. Half of the patients 
were young (under 20 years) and Io pa- 
tients were older than 40. Diagnosis of 
acute appendicitis was made preoperatively 
in all cases. The results of examination 
were as follows. 


Number of 

Type of Examination Patients 
History 

Negative 3 

Suspect 9 

Distinct 15 
Clinical examination 

Negative og 

Suspect 4 

Distinct 18 
Leukocyte count 

Under 8,000 5 

8 , 000-10, 000 5 

Over 10,000 17 
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Results of thermography, compared with 
the true operative diagnosis: 


Type of 
Inflammation 
In Support 
Perforation I 
Gangrenous 4 
Acute 9 
Innocent 3 
Total 17 (63 per cent) 


The results show that almost exactly the 
same result was obtained by thermography 
in the unambiguous cases as by the exami- 
nation procedures commonly available in 
emergency admission conditions (history, 
clinical examination and leukocyte count). 
In 2 out of 3 patients the thermographic 
examination was in support of the true di- 
agnosis, that is, the temperature difference 
was 2° or higher. The 3 cases with mislead- 
ing thermography all presented a distinct 
history of appendicitis, distinct clinical 
findings and leukocytosis, but no tempera- 
ture differences occurred in spite of this. On 
the other hand, an innocent appendix was 
discovered in 1 case even though the tem- 
perature difference was as high as 5°. 

II—Abscess/ Tumor Group (Fig. 2; 3; 4, 
A and B; and 5, 4 and B). This group was 
studied in order to find out whether ther- 
mography may possibly furnish aid in the 
differential diagnosis of abscesses and tu- 
mors. Of the 32 patients of this group, 16 
were male and 16 were female. 

The aid derived from thermography in 
the diagnosis was as follows. 


In support 

Without significance 
Sole source of diagnosis 
Misleading 


16 patients (50 per cent) 
II patients (35 per cent) 
I patient (3 per cent) 

4 patients (12 per cent) 


We consider thermography the sole source 
of diagnosis in I case, a $2 year old man 
with distinct signs suggesting a periappen- 
dicular abscess, elevated temperature, and 
a leukocyte count of 13,900. A roentgen ex- 
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amination was also made, but it revealed 
no specific findings. No temperature differ- 


Result of Thermography 


Without 
Significance Misleading 
I O 
O I 
I 2 
4 I 


6 (22 per cent) 4 (15 per cent) 


ences were noted on thermography. On 
these grounds we believed the resistance 
palpable in the lower right abdomen to be a 
tumor. This suspicion was later confirmed 
at operation. 

There were 9 tumors of cecum and as- 
cending colon in which a very clear thermo- 
graphic finding supporting tumor diagnosis 
was obtained. All had palpable resistance in 
the lower right abdomen. Thermography 





Fic. 2. A left-sided subphrenic abscess was also dis- 
closed by thermography (in the figure, a hot spot 
caused by the abscess, high on your left side). 
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Fic. 3. Thermography clearly reveals the hot spot 
from a periappendicular abscess. 
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elicited no temperature difference. In tu- 
mors elsewhere in the colon, a thermo- 
graphic finding supporting the diagnosis 

was also obtained in 3 cases. Out of 4 cases 
of periappendicular abscess, 1 produced no 
distinct temperature difference, and in I 
further case the difference was only 1.5°. 

The thermographic examination was in 
support of the tumor versus abscess diag- 
nosis in half of the patients. It has to be 
noted, however, that thermography was 
misleading in one-eighth of the cases. In 
all 3 groups the patients for whom mislead- 
ing thermographic results were recorded 
were appreciably obese and had thick ab- 
dominal covers. 


DISCUSSION 


Thermography has been used rather 
sparingly as an aid in the diagnosis of acute 
abdominal disease. Buwalda, in 1968, 
found a positive thermographic study in 
examinations for acute appendicitis in not 


Fic. 4. A periappendicular abscess (4) in the acute stage; and (B) after 1 month, when the 
temperature differences on the lower abdomen have already leveled out. 
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quite one-half (47 per cent) of cases. In the 
present study we obtained thermographic 
results in support of the diagnosis in 63 
per cent. This was based on our criterion 
that there should be a temperature at least 
2° higher in the appendix region. The num- 
ber of positive findings was of the same or- 
der as that obtained by conventional emer- 
gency case procedures (history, clinical ex- 
amination and leukocyte count). It is be- 
lieved that the localization of the appendix 
is significant for the thermographic finding.’ 

The abdominal region is not the best 
suited to thermographic examinations, since 
it even normally presents an ample thermal 
pattern caused by subcutaneous tissues. 
Heat reflections on the surface may even be 
produced by major vessels at greater depth. 
Such deep reflections are better visible in 
lean than in obese patients. 

Examinations by thermography with re- 
spect to acute cholecystitis are impeded by 
the abundant vascularization of the liver. 
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However, Mansfield eż al. in 1970 clarified 
the presence and diagnosis of hepatic 
metastases with the aid of thermography, 
obtaining a result as high as 70 per cent. In 
our series of 41 biliary patients the diag- 
nosis received support from thermography 
in sg per cent. This, too, is of the same or- 
der as the diagnostic assurance obtainable 
from history, clinical examination, and 
simple laboratory tests. In 3 cases the 
thermographic finding was misleading. All 
these patients were obese and therefore had 
thick abdominal covers. A subcutaneous fat 
layer 1 cm. in thickness is considered criti- 
cal in view of thermography. 

The differentiation of periappendicular 
abscess and tumor is frequently exceedingly 
difficult, and we believe that this is one of 
the most rewarding applications of ther- 
mography. Diagnosis of carcinoma is quite 
often, and fatefully, delayed because a 
tumor palpable in the lower abdomen is 
believed to be a periappendicular abscess.” 





Fic. 5. (4 and B) Thermographs of a cecal carcinoma. No significant 
temperature difference can be noted. 


igo = 


It should be kept in mind that fever is a 
rather important symptom also in cancer 
of the large intestine. The mass palpable 
with a carcinoma may sometimes be a re- 
sult of inflammation. This inflammatory 
reaction may even produce clinical symp- 
toms in the patient.? 

A frequent error occurs in the diagnosis 
of cecal carcinoma when a patient has 
fever, abdominal pain, and a mass palpable 
in the right lower abdomen believed to be a 
periappendicular abscess. Antibiotic treat- 
ment results in disappearance of the “tumor” 
mass which may have been an inflamma- 
tory reaction caused by the carcinoma. 
Therefore, patients with a periappendicular 
abscess should be subjected to a roentgeno- 
graphic examination and the patient should 
not be dismissed until the symptoms have 
completely vanished or the patient has 
been operated on. Erroneous diagnosis of 
periappendicular abscess delayed the diag- 
nosis of carcinoma by an average 6.5 
months. 

Cancer of the large intestine often causes 
symptoms resembling appendicitis, and in 
such cases the diagnosis of appendicitis is 
quite often made. In addition, the large in- 
testinal neoplasm may even itself produce 


acute appendicitis. Cancer in the large in- ` 


testine has been found to contribute to the 
genesis of acute appendicitis by the follow- 
ing mechanisms: 


(1) The lumen is occluded by the cancerous 
tissue itself or by the surrounding 
edema,‘ 

When a cecal carcinoma ulcerates or 
becomes infected, the inflammation 
spreads to the adjacent organ, the ap- 
pendix. 

Obstruction caused by cancer produces 
tension and expansion not only in the 
cecum, but also in the appendix. The 
stasis, in its turn, produces: vascular 
disturbances and inflammation.!ë 


(2) 


(3) 


This close relationship of appendicitis 
and inflammation with .carcinoma inter- 
feres considerably with the usefulness of 
thermography in the differential diagnosis. 
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However, in more than half of the cases 
(53 per cent) the thermographic finding was 
in support of the abscess: os. tumor differ- 
entiation. In 1 patient, furthermore, ther- 
mography was the sole examination which 
supported the diagnosis, although it should 
be noted that in 12 per cent of cases the 
thermographic examination was mislead- 
ing. In all groups the patients involved in 
the misleading findings were remarkably 
obese and had thick abdominal covers; 
these characteristics clearly appear to re- 
strict the use of thermography. 

One possible application area of ther- 
mography which was not clarified is the 
localizing of postoperative abscesses. In our 
opinion it appears as if thermography 
possesses significance in the diagnosis of 
the acute abdomen, as an aid to the existing 
examinations. 


Pekka Peltokallio 

The Second Surgical Department 
University of Helsinki 
Haartmanink 4 

Helsinki, Finland 
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PRACTICAL SIGNIFICANCE OF GASTRIC 
RUGAL FOLDS* 


. By ARTHUR J. PRESS, M.D.t 


PHILADELPHIA, PENNSYLVANIA 
ABSTRACT: 


A clinical pilot study oriented toward the practical value of gastric fold assessment 
offers the following: (1) Younger patients (below 60 years) with carcinomas may 
have rugose stomachs as opposed to the more usual presentation in the elderly. 
(2) Some proportionality of gastric fold to acid output may exist in normal patients 
or cases with peptic disease of the distal stomach or duodenum. In any given case, 
however, acid secretory capacity may be very broad. (3) Proportionality of fold 
pattern within the stomach itself or with respect to the duodenum, as noted in the 
literature, is emphasized. (4) There exists a possible upper limit of “physiologic” 
fold thickness of 4 to 5 mm. beyond which an additional patholcgic process may be 
inferred. (5) Hypertrophic gastritis and gastric body ulcer disease may illustrate 
this progression and possibly share similar underlying mucosal pathology and rugal 
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characteristics. 


Can statements about gas- 
tric and duodenal folds have surfaced 
intermittently: concerning “duodenitis” in 
the 1930s, atrophic gastritis or advanced 
gastric atrophy in the Igsos and the 
Zollinger-Ellison (ZE) syndrome since 1964. 
More recently, similar speculations have 
been advanced concerning other lesser de- 
grees of peptic diathesis with or without 
roentgenographic ulceration, e.g., hyper- 
trophic hypersecretory gastropathy (HHG) 
of Stempien.* Applied still more broadly, 
assessment of acid secretory capacity has 
been claimed possible by simple observa- 
tion of gastric and duodenal folds." 

At first, a retrospective review of rugal 
appearance and presumptive acid output 
was initiated indirectly by comparing a 
collected series of gastric carcinomas with 
random cases of gastric ulcers (GU) and 
duodenal ulcers (DU) to verify the stated 
usefulness of rugal fold assessment. Later, 
a direct fold to acid correlation became 
possible with a more regular use of acid 
stimulation testing. While still considered 
a tentative pilot study and founded chiefly 
on clinical or roentgenographic diagnosis, 
the findings to date may stimulate addi- 


* From the Department of Radiology, Lankenau H 


tional insights, especially in the light of 
literature review. 


METHOD 


A total of 33 gastric carcinomas collected 
from Lankenau Hospital’s American Col- 
lege of Radiology Index over the past 5 
years was compared with an additional 47 
cases of GU or DU obtained randomly 
from the same files. Later, 42 ulcer cases 
examined by the clinical Gastrointestinal 
Laboratory during the past year were 
added to this first study group. 

The more direct acid to rugal fold assess- 
ments of the second study group were based 
upon a standard 50 mg. histalog stimula- 
tion test on a total of 98 patients who had 
had recent recoverable upper gastrointes- 
tinal examinations (UGT). 

In both study groups a representative 
overhead film from the standard UGI was 
retained for comparison with the others, 
the prone right oblique usually being the 
most satisfactory. Upper gastric body and 
fundal rugal folds fell at first into 5 or 6 
general visual types. With the later case 
group having acid stimulation data, esti- 
mated measurements of average anterior 


ital, Philadelphia, Pennsylyania. 


Assistant Clinical Professor of Radiology, Thomas Jefferson University Medical School. 
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body rugae were made by overlaying a and are offered for their heuristic value. 
clear plastic ruler. Admittedly inexact and Initial “visual gradings” are described as 
occasionally hampered by poor barium ad- classifications O-V and are depicted in 
herence to the mucosal surface, these mea- Figure 1, 4—/): 

surements are probably as meaningful as O. Fundal and greater curvature folds are 
the visual grading cited in the literature readily effaced with gastric distention, 





Fic. 1. Gastric Rugal Classifications and Acid Outputs. Classifications from O to V. Numerical figure repre- 
sents the “maximal output” in mEq./hr., under standard 50 mg. histalog stimulation. Patients 4 and B 
are achlorhydric: 4 is an elderly male with known pernicious anemia, B is a 31 year old female. Note post- 
apical DU in patient F, and DU in patient G. Note “bland” duodenum contrasting with heavy gastric 
folds of patients H and J. (Patient H, with endoscopic and biopsy diagnosis of “chronic gastritis,” rę- 
sembles HHG of Stempien but has normal acidity. Patient Z has probable Menetrier’s disease.) 
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Fic. 2. Proportionality of Gastric and Duodenal Folds. (4 and B) Focally thickened gastric body folds with 
respect to bald fundus and loss of wall compliance in the filled State, proved carcinoma in an achlorhydric 
elderly patient. (C and D) Focally thickened and nodular antral folds with respect to body, “‘chronic antral 
gastritis” on biopsy, acid productivity 16 mEq./hr. (E) Associated coarse duodenal folds (without ulcer) 


and heavy rugae, 22 mEq./hr. acidity output. (F) Normal duodenum, extremely heavy gastric folds, prob- 
able Menetrier’s, 0.5 mEq./hr. acidity output. 


those remaining appearing sparse, thin, ened rugae out of character with their 
, 2 mm. or less in thickness. (When in- easy effacement, possibly a manifestation 
completely distended, some of this group of mural hypotonia.) 


interestingly have paradoxically thick- I and II. Gastric folds are of low profile, 
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Fic. 3. Gastric Carcinoma, Rugal Fold Appearance and Age. (A and B) Elderly male diagnosed as “chronic 
distal antral scarring,” 4 years later proved carcinoma. Note a -rophic stomach. (C) A 45 year old male with 
antral carcinoma. (D) A 90 year old female, ? antral cancer, rerused further work-up. 


rather thin, straight, but of increased 
width in the higher grade. 

III. Clearly coarsened fundal and body 
folds, more tortuous and thicker than I 
or Il. 

IV. Still more marked coarsening of the 
rugae, tending now to dominate the 
visual effect. 

V. Massive rugal prominence with folds not 


readily measurable, likely more than 
1 cm.. thickness. 


RESULTS 


A variable degree of duodenal fold 
coarsening was apparent in the classifica- 
tions from II-IV with or without a diag- 
nosabl= duodenal ulcer. This duodenal ap- 
pearance was assumed secondary to the 
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Fic. 4. (4-F) Hypertrophic Gastritis and Mid-Body Gastric Ulcer Disease. All patients show rather low acid 
output but unusually prominent rugal patterns of their acid secreting mucosa. Patients E and F have mid- 
body gastric ulcers and may have similar underlying mucosal disease. Note the duodenum in all Cases is 


normal. 


primary fundal rugal pattern and was not 
specifically studied. Likewise, possible ab- 
normality in gastric secretions, A eas 0 
creased mucus, exudate, or excessive quan- 
tity, made manifest by poor barium muco- 
sal adherence, seemed to be a meaningful 


roentgenographic finding but was too diffi- 
cult to assess specifically. 

General fold relationships emerge. Rugal 
coarsening and thickness are greatest in 
the acid secreting portion of gastric mu- 
cosa, the fundus and body, with antral 
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COLLECTED RANDOM FOLD ANALYSIS 
“Peptic” Cases vs Accumulated Cancers 
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Fro. 5. Collected Random “Peptic” Cases vs. Accumulated Gastric Cancers. Visual gastric fold classification 
with respect to age. Skewed position of cancers in patients 60 years or older. Generally more prominent 


rugal appearance in GU cases, see text. 


folds equal to the fundal rugae in the lowest 
gastric categories. Proportionality of du- 
odenal and gastric folds, emphasized in the 
literature,?:7-18-20.3.25 also applies to the gas- 
tric antrum. These fold relationships de- 


‘scribed above have apparent diagnostic 


value. A local area of gastric fold exaggera- 
tion was seen to reflect tumor or inflamma- 
tion in specific cases (Fig. 2, 4—D). Hyper- 
rugosity with a “bland” duodenum sug- 
gested ah underlying chronic mucosal dis- 
ease, possibly of diverse etiology, but with 
low acid output as contrasted with the 
“reactive” duodenum reflecting a more nor- 
mal or increased acid output (Fig. 2, E and 
F). Gastric atrophy consistently cautioned 
a high index of suspicion of any lesion, es- 
pecially the diagnosis of “chronic peptic 
scarring” (Fig. 3, 4, B and D). 

Graphing the known carcinomas os. ran- 


dom DU and GU cases (Fig. 5) indicates to 


no surprise that older patients with cancers 
did fall into the lowest “atrophic” group- 
ing. Below 60 years, however, cancers may 
affect the more rugose types (Fig. 3C). The 
peptic cases overlap but GU or combined 
ulcer cases tend toward greater rugosity, 
particularly in the older population. 

Still, additional possible useful patterns 
emerge from the second group of patients 
when acid stimulation data can be graphed 
with respect to rugal gradings and measure- 
ments, particularly when the patients are 
separated into various diagnostic group- 
ings. (The ṣo mg. histalog is less than the 
“maximal” dosage used in the literature 
but allows a relative index of acid capacity 
within the patient group tested.) 

“Gastritis” cases (Fig. 6) fall into the ex- 
tremes of fold classifications. “Atrophic”’ 
cases include a number of carcinomas and 
one pernicious anemia. “Hypertrophic” 
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Fro. 6. Gastritis, Atrophic and hypertrophic types. Note the elevated acid in patients with antral disease and 
progressive low to absent acid output with gastric fundal and body mucosa involvement, the acid bearing 


areas of gastric mucosa. 


cases affected the acid-bearing mucosa, in- 
cluded the antrum, or involved the antrum 
alone. There is no general progression of 
acid output with increasing body and fundal 
folds but, in fact, a tendency to the re- 
verse beyond folds of 5 mm. Those patients 
having solely antral disease have the great- 
est acid production and seemingly fit into 
the duodenal-channel ulcer progression be- 
low. Patients with greater degrees of fundal 
and upper body findings tend to separate 
in a skewed manner, more in keeping with 
the scattergram of midbody gastric ulcers 
(Fig. 4, A-F). 

Duodenal and channel ulcer cases (Fig. 7) 
do: tend toward a general fold to acid 
scattergram having a steep slope although 
in any particular case a given fold appear- 
dnce has a wide range of acid productivity. 


Miscellaneous “normal” cases (Fig. 8), 
without peptic disease, have a slope similar 
to DU but 4 less extreme peak of acid 
output. 

GU cases (Fig. 9) show a scattergram 
with a less definable slope apparently com- 
posed of a mixed population. Antral ulcers 
predominate in the lower gastric grades and 
have the higher outputs similar to antral 
gastritis, Angularis cases lie more midway 
between antral and mid-body ulcers. The 
group with mid-body ulcers is. skewed to- 
ward the lower acid outputs and the most 
prominent rugal patterns, in this respect, 
falling into the fundal and upper body 
“hypertrophic” population. 

Figure 10 summarizes the various group 
characteristics. Over-all, the relative acidity 
output seems to peak from Class II to 
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early Class IV. It may be that 4-5 mm. OTHER 


thickness of the upper body folds is, in fact, 
the “maximal physiologic” fold thickness s6 


"eters, #8, 


beyond which an additional pathologic pro- 
cess may be inferred. (Females may have ` 33 E Male 
more acidity proportional to fold dimen- £ A Female : 
sions, although this could reflect more © 30 é 
histalog per body weight.) 39 i 
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is 18 / ma 
a S a 7 m literature that mucosal parietal cell mass 
2 a ? does correlate with maximal acid output 
12 ; i stimulated by a variety of agents,?418.15.17,19,21 
p fui m This relationship holds with conditions 
a; having both increased parietal cell mass 
6 ha and in states with variable degrees of 
3 s glandular atrophy.*” Increased parietal 
; cell mass, in Z-E particularly, is a result of 
9 greater glandular length and actual en- 


OEE L O L croachment of fundal type mucosa into the 
s  ẹ antrum.’? Roentgenographically, the ZE 
rugal appearance is characterized by in- 


o 1 2 3 4 
creased rugosity and gastric secretions. 


Rugal fold mm ` 
4 Fie. 7. Duodenal and Channel Ulcers. Steeply sloped a pet = pam ape 
eneral fold width to acid output progression. A 
3 oun ase folds end fundal hypotonia are stated to be 


There is, however, a wide range of potential acid 
outputs especially in classifications H and III. accurete-in up to 75-80 per cent of cages.” 
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Fic. 9. Gastric Ulcer Disease. Most heterogeneous scattergram composed of a mixed population. A progression 
line is drawn primarily through the “angularis” cases. Note tendency of mid-dody GU to skew toward 
heavier fold and acid output in a manner similar to hypertrophic gastritis. Antral ulcers may follow a pro- 
gression akin to antral gastritis. (One patient with a high body ulcer does not fit into this pattern, but no 


additional cases are available.) 


Perhaps fittingly, Stempien and more re- 
cently Tan et al., have discussed cases of 
peptic diathesis, often without roentgeno- 
graphic ulceration, having thickened, nodu- 
lar rugosity and usually increased secre- 
tions. Re-emphasis of thickened, nodular 
duodenal folds,’*° possibly to be differen- 
‘tiated from simple Brunner gland hyper- 
trophy,’® has assumed significance as part 
of this hypersecretory pattern, although 
this is subject to argument.’ Finally the, 


roentgenographic perspective offered by 
Burns and Laws? and Moghadam ef ai,'® 
claims that in all intervening cases a useful 
general acid to fold relationship exists. (It 
should be noted, however, that Burns and 
Laws found their 13 GU patients more dif- 
ficult to classify, and not regularly conform- 
ing to their thesis. Moghadam ef al. do not 
separate their GU and DU cases.) 

The pilot study tends to confirm their 
general thesis while it cautions an inherent 
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Fic. 10. Summary of Figures 6-9. Note the similarity of DU channel ulcer slopes with patients having no 
apparent ulcer disease, as opposed to the GU group of cases. Note particularly the skewed but similar posi- 
tions of mid body GU and upper gastric hypertrophic cases. Maximal “‘physiologic” fold thickness may 


be 4-5 mm. 
weakness. It points toward an additional tritis having variable degrees of mucosal 
possibly useful insight. glandular atrophy has been repeatedly 
It is now recognized that gastric and shown in GU patients.» The gastritis is 
duodenal peptic diseases may result from multifocal, predominantly of the acid- 
fundamentally different pathophysiologic bearing mucosal areas, associated with 
events. GU disease may be largely a by- “pylorocardial” expansion of inflamed an- 
product of decreased mucosal resistance,!:*4_ tral mucosa into the gastric body.'' The 
a loss of hydrogen ion barrier created by a GU itself is stated to lie within or near this 
variety of toxic agents (e.g., bile reflux,!! mucosal “transition zone,’ on the antral 
aspirin,” alcohol, uremia,® etc.), to be dis- side, implying a greater degree of general- 
tinguished from the hyperacidity-induced ized mucosal pathology, as the GU lies 
duodenal (and probably antral) ulcers. higher in the stomach. Whereas DU pa- 
Histologically, a substratum of chronic gas- tients have a variable degree of antrdl 
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gastritis, the fundal mucosa superiorly is 
relatively normal® or has an increase in 
glandular size typified in the extreme by 
ZE. 

It would be simplistic therefore to as- 
sume rugal folds indicate acid productivity 
in these basically different pathologic con- 
ditions. More logically, as seen in the 
scattergram data above, it may be more 
useful to group GU cases involving the 
antrum with duodenal cases, and the mid- 
body ulcer cases with those patients having 
“hypertrophic” gastritis. (Both latter con- 
ditions presumably have diverse etiologies 
and chiefly need differentiation from dis- 
ease of a diffuse Eee malignant na- 
ture.) 
` We now come to aie difficult and often 
frustrating diagnostic problem of “‘chronic 
gastritis.” From a roentgenographic stand- 
point, it must be recognized that this truly 
nonspecific entity is inherently compli- 
cated by multiple competing mucosal, and 
probably submucosal, changes potentially 
able to produce a spectrum of roentgeno- 
- graphic findings. Glandular atrophy and 
mucosal fibrosis may coexist with an “in- 
terstitial” chronic cellular infiltration with- 
in various: depths of the lamina propria 
or submucosa or may compete with actual 
“proliferative” superficial epithelial or fo- 
veolar mitotic activity which can develop 
into localized pseudopolypoid changes," 
adenomas, or even an “intestinal type” 
gastric carcinoma.} Initially, at least in the 
pre-atrophic phase, one may expect an in- 
crease in gastric rugosity as witnessed by 
Roberts study% of alcoholic gastritis. 
(Menetrier’s disease may represent a pri- 
mary mucosal disturbance with or without 
an inflammatory component.1®) 

True physiologic fold thickness, and 
very broadly, acid sécretory capacity, may 
be maximal at 4—5 mm., beyond which an 
additional pathological process may be in- 
ferred, especially if not supported by other 
indirect signs of increased acid output. 
This perspective, along with recognition of 
the other principles of fold proportionality 
and clinical examples above, may allow a 
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deeper understanding of a given gastric 
fold pattern. 

A final overview should include other 
variables participating in formation of the 
rugal pattern: 

1. The gastric mural tone or wall ‘‘com- 
pliance” probably creates the number and 
height of the mucosal and submucosal 
pleatings. (The factor of hypotonia has 
been advanced in the diagnosis of gastric 
atrophy, and increased tone is suggested in 
chronic antral gastritis.) 

2. Submucosal thickness and pliancy it- 
self must be critical, although rarely studied 
without full thickness biopsies.'® Its role in 
infiltrative malignancy and in extensive 
fibrotic states is well recognized. 


Division of Diagnostic Radiology 
The Lankenau Hospital 

Lancaster and City Line Avenues 
Philadelphia, Pennsylvania 19151 
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ABSTRACT: 


The term minimal deviation hepatoma has been applied to a specific clinical, 
pathological, and angiographic entity. It is a tumor, composed of atypical cells, 
which is neither frankly malignant nor so well organized as a benign tumor. This 
lesion occurs in females with otherwise normal livers and has a relatively benign 
course, although life threatening hemorrhage may occur. The diagnosis may be 
strongly suggested in the presence of hypervascular or hypovascular discrete masses 
without evidence of frank malignancy, with a defect in the colloid liver scan and with 
normal liver function tests. Surgical resection when possible and aggressive chemo- 


therapy may be corrective in many cases. 


IA E of recent reports? %10,11.14,28 
have appeared indicating an apparent 
increase in the incidence of seemingly be- 
nign liver tumors occurring exclusively in 
young females with no previous history of 
liver disease. A confusing galaxy of terms 
has been applied to these lesions. These 
range from hamartoma to adenoma and be- 
nign hepatoma. In addition, there has been 
an implicit etiologic association between 
oral contraceptives and these tumors in 
that all previously reported patients had 
received these hormones. 

We are presenting 4 new cases of similar 
liver tumors, all in women without previous 
liver disease. We are introducing the term 
“minimal deviation hepatoma” (MDH) 
which we feel best describes these lesions of 
behavior intermediate between the ob- 
viously benign and the frankly malignant. 
Only 1 of these 4 patients had been exposed 
to hormonal therapy. 


REPORT OF CASES 


Case 1. M.R. is a 35 year old Puerto Rican 
female who presented with acute right upper 
quadrant pain. She had no previous history of 
liver disease, hepatitis, alcohol intake, or gall- 


bladder disease. She was on no medication and 
was the mother of 3 living, normal children. 
On the day of admission her hematocrit 
dropped from 43 to 30 per cent and a tender 
right upper quadrant fullness became apparent. 
Her liver function tests were normal as were her 
chest roentgenogram and electrocardiogram. 
The alpha fetoprotein was negative. 

A colloid scan of the liver showed multiple 
intra-hepatic defects. Barium enema and upper 
gastrointestinal examinations were negative. 
A selective hepatic arceriogram demonstrated 
multiple vascular hepatic masses and a sub- 
capsular, right-sided hematoma (Fig. 1, 4—D). 

The patient was explored and was found to 
have multiple, firm masses in the right and left 
lobes of the liver. Biopsy of one of the lesions 
was initially interpreted as hamartoma, but 
was later felt to represent a minimal deviation 
hepatoma. 

She did well postoperatively but had a per- 
sistent low-grade fever and right pleural effu- 
sion. Complete work-up of the pleural fluid 
and blood was negative. She did not respond 
to antibiotics, but her fever disappeared dra- 
matically following Indocin 25 mg. q. i. d. 

She received no chemotherapy or radiation 
therapy and was discharged, without symptoms 
but a persistent anemia with a hematocrit of 
37 per cent. 


* Presented at the Seventy-fifth Annual Meeting of the American Roentgen Ray Society, San Francisco, California, September 24- 


27, 1974 


o From the Departments of Radiology, t and Pathology,t of Columbia University College of Physicians and Surgeons and Columbia- 


Presbyterian Medical Center, New York, New York. 
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Fic. 1. Case 1. (4) Arterial phase of celiac arteriogram. There are hypervascular lesions in both lobes of the 
liver. One lesion is pedunculated from the inferior right lobe (arrows) with peripheral arteries coursing 
centripetally. (B) The large subcapsular hematoma associated with a peripheral lesion (arrows) is best seen 
in the capillary phase. (C) Portal venous flow is hepatopetal and the portal radicles are patent. (D) Late 
portal phase shows no evidence of venous laking or arteriovenous shunting. The negative blush of the 
pedunculated lesion (arrows) confirms its arterial, rather than portal venous, blood supply. 


The patient chose to return to Puerto Rico 
to be closer to her family. At last report she is 
alive and well 15 months after her diagnosis 
without further therapy. 


Case 11. E.M. is a 30 year old white female 
who was entirely well until 3 days prior to her 
admission when she was admitted to another 
hospital with acute, severe epigastric pain, 
fever of 102° and anemia with a hematocrit 
which fell from 36 to 31 per cent in 24 hours. 
Her white blood cell count was 17,000, SGOT 
312, alkaline phosphatase 136 and LDH 1300 


units. Bilirubin was 0.8 and amylase 32 milli- 
grams per cent. Alpha fetoprotein was negative. 

She had no significant past medical history 
but had been on birth control pills for 5 years 
following the birth of her third child. She un- 
derwent exploratory laparotomy where a huge 
mass involving both lobes of the liver was seen. 
There was obvious, extensive hemorrhage into 
the lesion. Biopsy showed only necrotic liver 
cells. 

She was transferred to this hospital for 
further work-up and treatment. A liver scan, 
done with technetium gg™ sulfur colloid showed 
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Fig. 2. Case 11. (4) Arterial phase of celiac arteriogram showing enlarged liver with avascular mass ex- 
tending into the dome of the right lobe (arrows). (B) Portal venous phase confirming a mass between the 
right and left lobes. The portal vein radicles are patent. (C) Follow-up angiogram 15 months later demon- 
strates a normal size liver with no appreciable mass or neovascularity in the region of the previous ab- 
normality (surgical clip). (D) Portal veins remain normal. 


a quge 14 cm. “cold” area between the right 
and left lobes. The hepatic arteriogram demon- 
strated a hypovascular mass with peripheral 
neovascularity and normal portal veins (Fig. 
2,4 and B). 

On the twentieth hospital day. after marked 
clinical improvement she underwent surgical 
exploration in an attempt to resect the lesion. 
Tke mass involved the right and left lobes of 
the liver and was markedly hemorrhagic and 
necrotic. The major bulk of the mass was in- 
deed hematoma between the hepatic lobes. 
Some firm areas of tumor were present, and 
„biopsy of these areas confirmed the diagnosis of 
minimal deviation hepatoma. The lesion was 
felt to be unresectable and following evacuation 


of the hematoma the abdomen was closed. 

Following operatior. she did remarkably well. 
Her temperature returned to normal and all 
enzymes and liver function tests became nor- 
mal. It was felt that the large hematoma had 
produced hepatic vein compression and a con- 
gested liver. She was discharged 5 weeks after 
admission. 

Ten days later she was re-admitted for a 
course of chemotherapy with 5- Fluorouracil 
and BCNU which she tolerated well. A second 
course of chemotherapy was given 8 weeks 
later. 

She became completely asymptomatic, and 
8 months following surgery, she was re-admit- 
ted for liver scan and arteriography. The former 
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showed a persistent small interlobar defect 
where the tumor had been, and the angiogram 
showed marked resolution toward normal with 
disappearance of frank neovascularity. 

A third angiogram, 15 months after her 
original diagnosis, was unchanged (Fig. 2, C 
and D). During the past year she has remained 
asymptomatic and in apparent good health. 
Her only therapy has consisted of surgical 
drainage of the hematoma and 2 courses of 


s-FU and BCNU. 


Case 11. H.P. is a 34 year old Black female 
who was in good health until 1 month before 
her final admission when she underwent a total 
abdominal hysterectomy for uterine fibroids 
and chronic pelvic inflammatory disease. At the 
time of operation an 8X10 cm. liver mass was 
palpated. The wound was closed, and a subse- 
quent liver scan showed a large defect in the 
right lobe of the liver. An arteriogram showed 
a 13 cm. avascular lesion involving the right 
inferior portion of the liver (Fig. 3, 7-C). Liver 
function studies showed bilirubin 0.6 milligrams 
per cent, alkaline phosphatase 155, SGOT 325, 
and LDH 650 units. Her hematocrit was 37 
per cent and white blood cell count 5,000. 
Alpha fetoprotein was negative. She had no 
palpable mass, was asymptomatic, and gave 
no history of past medication or birth control 
pills. 

An open liver biopsy revealed a solid, 
hemorrhagic, necrotic tumor of the liver. 
Frozen section showed only necrotic tissue. A 
larger resectional biopsy was done, and the 
abdomen closed. Permanent sections revealed 
a minimum deviation hepatoma. 

Accordingly, 3 days later, a total resection 
of the lesion was successfully carried out, and 
the diagnosis of necrotic minimal deviation 
hepatoma confirmed. She had an uneventful 
recovery and has remained asymptomatic for 
the past 9 months. Her blood chemistries are 
now normal and follow-up liver scans show no 
evidence of tumor. 


Case Iv. A.R. is a 67 year old mother of 16 
children from the Dominican Republic who 
presented with anorexia and epigastric pain. 
She had no significant past medical history. 
Her epigastric pain was sudden in onset and 
very severe. Her private physician felt a firm 
mass in the epigastrium and referred her for 
treatment. 

Her physical findings were unremarkable 
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except for an 8 cm. firm epigastric mass. Her 
white blood cell count was 8,200, hematocrit 
38 per cent, SGOT 89, alkaline phosphatase 72 
units and bilirubin 1.3 milligrams per cent. 
Alpha fetoprotein was negative. Barium studies 
were negative. A liver scan was not performed. 
Celiac ana superior mesenteric arteriography 
showed 2 large vascular mass lesions involving 
both lobes of the liver (Fig. 4, 4-C). There 
was no arteriovenous shunting, and the portal 
veins were normal. 

An open liver biopsy was performed on 1 of 
the tumor masses. There was considerable dif- 
ficulty in achieving hemostasis since the tumor 
was extremely vascular and friable. Pathology 
revealed a well differentiated tumor compat- 
ible with a minimal deviation hepatoma. She 
did well after biopsy and was followed for 1 
year without progression of the lesion or recur- 
rence of pain. She was been lost to follow-up for 
the past year. 


PATHOLOGIC CONSIDERATIONS 


The anatomical unit of the human liver 
is an ill-defined lobule which is composed of 
hepatic cells arranged in 2 cell thick plates. 
Between the cell plates run the sinusoids, 
modified capillaries lined with a specialized 
endothelial cell called the Kupffer cell. 
These cell plates and sinusoids converge 
toward the central veins. The portal spaces 
are located at the periphery of each lobule. 
They are composed of radicles of the portal 
vein, the hepatic artery and the bile duct. 
Bile flows from the cells to the canaliculi 
between adjacent cells and then peripher- 
ally to the duct in the portal space. Portal 
venous and hepatic arterial blood flows 
from the portal spaces centrally, mixing in 
the sinusoids, to the hepatic vein. This or- 
derly arrangement is altered by any growth 
disturbance or neoplastic process within 
the liver. The following discussion of le- 
sions of hepatocellular origin is an attempt 
to clear up some of the confusing terms. 

A general definition of a hepatic adenoma 
is a benign neoplasm, usually solitary and 
well circumscribed if not encapsulated, 
which is composed of “normal” to slightly 
atypical hepatic cells vaguely arranged ir 
cords without lobular architecture and de- 
void of portal tracts, central veins, and bile 
ducts. Grossly, it is tan to light brown, 
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projects from the surface of the liver and 
may be pedunculated. The adjacent liver 
should be normal. Such a lesion occurring 
in a cirrhotic liver is extremely rare, if it 
occurs at all. However, somewhat similar 
, lesions are seen in cirrhosis and correspond 

tc the nodular appearance of the liver in 
that disease. Occasionally, these nodules 
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Fic. 3. Case 1. (4) Avascular mass peduncu- 
lated from inferior right lobe of liver. The 
cystic artery is marked with an arrow. (B) 
In the capillary phase the normal size gall- 
bladder (arrows) is easily distinguished 
from the mass. (C) The portal vein radicles 
are patent. Errosion of a distal branch of the 
portal vein (arrow) may have accounted for 
hemorrhage into the mass. 


may grow to a large size and present a 
problem of diagnosis. They are more cor- 
rectly termed regenerating nodules. Al- 
though there is cellular proliferation with 
loss of lobular architecture (as is true with 
an adenoma) they tend to have bile ducts 
at the periphery. To make the diagnosis of 
adenoma in cirrhosis, there should be com- 
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Fic. 4. Case 17. (4) Large hypervascular lesions 


are noted with feeding arteries coursing from 
the periphery toward the center of the mass. 
(B) Note how well circumscribed the lesions 
are in the capillary phase. (C) Despite mas- 
sive liver involvement the portal vein is intact. 








. 
plete absence of any such ducts. 

Occasionally, masses will be encountered 
in an otherwise normal liver which in one 
area of the lesion will fulfill the criteria for 
an adenoma while in other areas there will 
be a proliferation of bile ducts and excessive 
fibrous tissue. Using strict criteria, these 
cannot be called true adenomas and, ac- 
cording to Popper and Schaffner’ should be 
called solid hamartomas. These improperly 
organized structures straddle the line be- 
tween a malformation and a neoplasm. 

In addition to the 2 above-mentioned be- 
nign masses, focal areas of benign hyper- 
plasia occasionally develop in otherwise 
normal livers and differ slightly from the 
nodular regeneration seen in cirrhosis. 
Since there has been no known tissue insult, 
it is difficult to accept them as reparative 
phenomena (i.e., regenerating nodules). 
Like the adenoma, they may be subcapsu- 


lar or redunculated and occur most often 
in women and children. Grossly, there is a 
central stellate mass of connective tissue 
from which radiate fibrous strands separat- 
ing the proliferating cells into pseudo- 
lobules. The cells everywhere are related to 
bile ducts and their accompanying connec- 
tive tissue, in contrast to the true adenoma. 
This lesion is called focal nodular hyper- 
plasia (FNH) and seems to be a distinct 
entity. 

A frenkly malignant tumor of hepato- 
cellular origin (malignant hepatoma) will 
exhibit mitotically active atypical cells re- 
placing adjacent parenchyma, or, in cir- 
rhotic vers, replacing pseudolobules be- 
tween fibrous tracts. Grossly, it is soft and 
friable with a great variety of colors due to 
a mixttre of bile secretion, necrosis, fatty, 
change and hemorrhage. Tissue and vascu- 
lar invasion is common. 
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A hepatocellular lesion which does not 
meet the strict criteria for one of the be- 
nign lesions and is not frankly malignant 
might be classified as an intermediate tu- 
mor or carcinoma im situ since the experi- 
mentalists have developed such a tumor 
with only slightly atypical cells, which lacks 
local invasiveness and distant metastases.” 
The term “minimal deviation hepatoma” 
has been used to describe this tumor, which 
differs the least from the normal tissue in 
terms of its biochemical and enzymatic po- 
tential, for the purposes of designing a 
simple cancer model.*-"" It became appar- 
ent that this description includes the bio- 
logical behavior of the tumor (i.¢., growth 
potential) as well as biochemical aberra- 
tions.° 

It is our contention that most of the re- 
cently reported cases of relatively benign 
liver tumors with minimally atypical cytol- 
ogy best fit the description of the minimal 
deviation hepatoma. To our knowledge no 
such tumor has regressed spontaneously, a 
point used to justify aggressive therapy. 
The fate of these lesions if left untreated is 
not known, but no one has observed a 
frankly malignant transformation of this 
tumor (i.¢., metastasizing behavior). Thus, 
minimal deviation hepatoma seems to be a 
good term to describe the lesion which cur- 
rently is being treated as a low grade he- 
patocellular carcinoma, 


ROENTGENOGRAPHIC FEATURES 


The angiographic features of the 4 cases 
herein reported are notably variable. Le- 
sions which were hypervascular had large 
feeding arteries which began peripherally 
in the mass and coursed centripetally to- 
ward the center (Fig. 14 and 44). Bizarre 
permeating neovascularity seen in malig- 
nant hepatomas was not observed. The lack 
of venous laking, arteriovenous shunting 
and portal vein invasion also distinguished 
these lesions from their malignant counter- 
parts. Other masses were principally avas- 
cular (Fig. 3). Exploration in these in- 
stances revealed either central necrosis or 
intrahepatic and subcapsular hematomas. 
Single and multiple nodules were seen with 
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both types and each mass was well de- 
marcated from adjacent normal liver tissue 
in the capillary phase of the angiogram. 
Some lesions were located deep in the liver 
substance while others were subcapsular or 
pedunculated and associated with subcap- 
sular hematomas. 

Angiographic features of benen liver 
masses (FNH, adenoma, hyperplastic nod- 
ule, solid hamartoma and benign hepatoma) 
have been described elsewhere.”216 Hyper 
vascular, well circumscribed lesions lacking 
bizarre neovascularity, venous laking, and 
vascular invasion are general descriptive 
terms applied to these tumors. The similar- 
ity of this pattern with those we have ob- 
served in MDH further supports the con- 
tention that we are dealing with similar le- 
sions with only minor variations in their 
histology. 

Scintillation scanning theoretically would 
be of some advantage in differentiating 
MDH from the various other “benign” le- 
sions and malignant hepatomas. Agents 
used to detect RE system function (i.e. 
technetium gg™ sulfur colloid). show de- 
creased uptake in all these lesions. 2 
There should be better uptake in FNH, re- 
generating nodules, and solid hamartomas, 
which have more connective tissue, than in 
adenomas which have only proliferating 
hepatocytes. On the other hand, agents re- 
flecting hepatocyte function (f.e., I"! rose 
bengal) should demonstrate better uptake 
in a proliferating lesion of functioning 
hepatocytes like the adenoma than in the 
other lesions made up of a mixture of both. 
The difference in uptake, however, is quite 
variable due to the relative amount of 
functioning tissue with respect to the ad- 
jacent normal liver tissue. Also, well differ- 
entiated hepatocellular carcinomas have 
been shown to have some function with 
these studies.?° Blood pool agents such as 
indium 113™ simply reflect the vascularity 
of the mass with no further differentiation. 
Gallium® has been shown to have a specific- 
ity for malignant hepatoma and may be 
useful in distinguishing that lesion.” 

In summary, radionuclide scanning is 
very sensitive in detecting masses in the 
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liver but is relatively nonspecific in differ- 
entiating the lesions. 


DISCUSSION 


The cases reported here and the 19 pre- 
viously reported cases represent a distinct 
clinical and pathological entity. 

The clinical setting is similar in that the 
patients are usually female with no known 
pre-existing liver disease and in a young age 
group. The liver function studies are nor- 
mal or minimally deranged. Fever indicates 
an underlying necrosis and anemia may re- 
flect blood loss. Hemorrhage and shock may 
occur with the rupture of a superficial mass. 
One patient presented with a Budd-Chiari 
like syndrome due to compression of he- 
patic veins from a deep seated mass (Case 
11). The usual presenting complaint, how- 
ever, is a falling hematocrit or an enlarging 
mass. 

The question of hormonal influence has 
been raised. The effect of hormones on the 
liver has been studied experimentally and 
clinically. The changes consist of develop- 
ment of abnormal bile canaliculi causing 
cholestasis.1 Ultrastructure changes in the 
mitochondria® and dilatation of the peri- 
portal sinusoids similar to peliosis hepatis!® 
have been noted. No cellular atypia or mi- 
toses has been produced. Although the as- 
sociation has been reported, a cause and 
effect relationship has not been established. 

The roentgenologic features include a 
defect in the colloid liver scan. Although 
the various scanning agents are very sensi- 
tive in detecting the masses, they have not 
been very helpful in differentiating these 
lesions from other masses. Angiography is 
helpful in the diagnosis of these lesions and 
in the planning of resection. The pattern 
may be either hypervascular or hypovas- 
cular and the lesions may be deep or 
peripheral and pedunculated. The lack of 
frankly malignant features and the frequent 
association of necrosis and subcapsular 
hematoma aid in the diagnosis. Although 
the angiographic pattern can be suggestive 
in the proper clinical setting, it is by no 
means pathognomonic. 

Pathologically, these masses are dis- 


Minimal Deviation Hepatoma 





Fic. 5. Histologic section is representative. There is 
loss of the lobular arrangement with proliferation 
of atypical cells. The lesion lacks cellular mitosis 
and tissue and vascular invasion. 


cretely separated from normal adjacent 
liver substance and no tissue or vascular 
invasion is seen (Fig. 5). The cells are pro- 
liferating in sheets with loss of lobular 
architecture and polarity of blood flow. 
Cellular atypia is common but mitotically 
active cells are absent. 

A benign course ensues although acute 
complications of hemorrhage and necrosis 
can be life threatening. It should be noted 
that 4 out of 19 previously reported cases 
died following an attempt at radical resec- 
tion. Response to surgery or chemotherapy 
seems to be good, although the follow-up is 
limited. Regression of the masses on chemo- 
therapy was noted in 1 of our cases (Case 
11). Spontaneous regression of tumors has 
never been observed, a fact used to justify 
therapy. At the present time therapy should 
be directed at limited resection of accessible 
lesions, since radical resection may carry a 
morbidity greater than that of the lesion 
itself. Non-resected masses showing cellular 
atypia may be given a trial of chemother- 
apy with the hope of regression and cure. 
Untreated lesions still carry the hazard of 
acute rupture and hemorrhage. 

We feel that many, if not all, of the cases 
of liver tumors in young women being cur- 
rently reported belong in this “‘intermedi- 
ate” category of minimal deviation hepa- 
toma. Our reasons for choosing that term, 
have been outlined in the pathological sec- 
tion of this manuscript. Briefly, one should 
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apply the strict pathologic criteria sug- 
gested by Edmondson’ before classifying a 
benign hepatocellular lesion of the liver as 
an adenoma or benign hepatoma. Not all 
pathologists are in agreement with these 
criteria and, indeed, Popper and Schaffner!’ 
prefer the term solid hamartoma since usu- 
ally there is a mixture of cellular and 
glandular elements. If in addition there is 
cellular atypia then MDH should apply. 
No one has observed one of these lesions to 
progress to a frankly malignant hepato- 
cellular carcinoma, although experimen- 
tally such alterations have occurred. Per- 
haps in time this question can be answered 
clinically since there are cases now being 
reported where resection of the lesion has 
not been possible. 

To differentiate these lesions clinically is 
impossible. When presented with a pre- 
viously healthy female patient with a right 
upper quadrant mass, epigastric pain, a de- 
fect in the liver scan, or a hemoperitoneum, 
the diagnosis of MDH should be considered 
and verified by angiography. 

Shelby J. Galloway, M.D. 
Department of Radiology 

The Hospital of St. Raphael 
1450 Chapel Street l 
New Haven, Connecticut 06511 
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A NEW SYNDROME OF LEFT VOCAL CORD PARESIS 
AND ESOPHAGEAL DIVERTICULUM DUE TO 
MEDIASTINAL FIBROSIS* 


By M. A. LERNER and R. KATZ 
PETACH TIKVAH, ISRAEL 


ABSTRACT: 


The association of left vocal cord paresis with an esophageal diverticulum pointing 
to the left at the aorto-bronchial level constitutes a syndrome resulting from medi- 
astinal fibrosis iri that region. Demonstration of this type of diverticulum in a case © 
of unexplained left cord paresis establishes mediastinal fibrosis as its cause. 


VOCAL cord paresis is twice as frequent loop between the aortic arch and the left 
on the left as on the right due to the main bronchus (Fig. 1). Of the numerous 
long intrathoracic course of the left recur- lesions impairing conduction in this nerve, 
rent laryngeal nerve, beginning with its only ome passing mention implicating peri- 
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Fre. 1. Left tracheobronchial lymph nodes in relation to the aortic arch, left recurrent laryngeal nerve, and 
the esophagus (posteriorly). (From Morris, Human Anatomy.) 


e 
* From the Department of Diagnostic Radiology, Tel-Aviv University Medical School and Sharon Hoepital, Petach Tikvah, Israel. 
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Fic. 2. (4 and B) Laryngography. (4) Obliquity of laryngeal fissure in Valsalva maneuver. (B) Phonation 
with left cord and vestibular fold in “cadaveric position” of recurrent nerve paresis, and right cord meeting 
it to the left of the midline. (C) Diverticulum of esophagus at aorto-left-bronchial level. 


lymphadenitis has been traced.? On the 
other hand, in several series, the etiology of 
left vocal cord paresis is listed as idiopathic 
in up to 25 per cent of cases. 

Mediastinal fibrosis accompanying chronic 
lymphadenitis, usually tuberculous, is the 
commonest cause of acquired diverticulum 


of the middle third of the esophagus. Ad- 


herence of the esophagus to the lymph 
nodes anteriorly leads to formation of a 
traction diverticulum as the aortic arch, 
unfolding in later life, draws the esophagus 
backwards.’ 

In a patient with both hoarseness and 
discomfort on swallowing, left vocal cord 
paresis and a middle third esophageal di- 
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verticulum were demonstrated (Fig. 2, Æ- 
C). Since vocal cord paresis usually leads 
to examination of the mediastinum and the 
esophagus, another case soon came to light. 
A search was then initiated for left cord 
paresis among all patients found to have 
esophageal diverticulum. Analysis of the 
results is presented in Figure 3. The con- 
nection between the two conditions be- 
comes apparent when the diverticula are 
considered with regard to the precise loca- 
tion. With the more frequent interbronchial 
location no cord paresis was encountered, 
whereas cord paresis was discovered in 4 
out of 5 diverticula pointing to the left at 
the aorto-bronchial level (Fig. 4). Actual 
development of the diverticulum was ob- 
served in a case of left cord paresis followed 
for 4 years (Fig. 5, £ and B). 


Significantly there was no cord paresis 
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Fic. 3. Fifteen esophageal diverticula. Four out of 
ç pointing to the left at the aorto-bronchial level 
had left vocal cord paresis. 


associated with a diverticulum at the aorto- 
bronchial level but pointing to the right. 
The importance of lymph nodes in close 
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Fic. 4. Left cord paresis discovered in patient with diverticula at 
interbronchial (subcarinal) and aorto-bronchial levels. 
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Fic. 5. (4) 1970; left cord paresis and slight esophageal traction by aorta. (B) 1974; same cord paresis 
(laryngography) and esophageal diverticulum at aortic arch level. 


proximity to both the esophagus and the 
origin of the left recurrent laryngeal nerve 
was pointed out by Fleischner eż a/.! in con- 
nection with the esophageal deformity due 
to metastatic lymph nodes from carcinoma 


of the bronchus and often announced by 
left cord paresis. 

Left cord paresis may cause only mild 
hoarseness or may even be asymptomatic 
because the cricothyroid muscle, innervated 
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by the superior laryngeal nerve, can com- REFERENCES 
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ROENTGENOGRAPHIC FINDINGS IN 
TYPHOID FEVER* 
By HRAYR A. KABAKIAN, M.D.,+ NABIL T. NASSAR, M.D., M.P.H.,t 


and SALAH M. NASRALLAH, M.D.t 
BEIRUT, LEBANON 


ABSTRACT: 


Barium meal examinations have been performed on 20 patients with proved or 
clinically suspected typhoid fever. There were distinct abnormalities in the termi- 
nal ileum early in the febrile stage of the disease. The abnormality was different in a 
single case of relapse of typhoid. The study is easily and safely performed and we 
feel that it is a valuable adjunct in the diagnosis of typhoid fever, particularly in 
those cases where a positive blood culture is not available to confirm the clinical 
impression. The result of the roentgenographic examination is obtainable immedi- 
ately and treatment can be initiated early. 


YPHOID fever is a bacterial disease 
caused by Salmonella typhi and para- 
typhi A, B, C. It is a multisystem disease 
with a wide spectrum of clinical presenta- 
tions. The portal of entry and the most 
severely involved system is the gastroin- 
testinal tract.® Bacilli multiply in the soli- 
tary lymph follicles and the aggregate 
lymph follicles known as Peyer’s patches 
which are concentrated in the terminal 
ileum. The lymph follicles become hyper- 
plastic and swollen and form button-like 
protrusions into the lumen. The Peyer’s 
patches are enlarged, raised, oval, sharply 
delineated, and have their longitudinal axis 
parallel to the long axis of the bowel. They 
may be up to 6 cm. long and 0.4 cm. above 
the adjacent mucosa. Their luminal sur- 
faces are convoluted. There is also edema of 
the mucosa and submucosa. The mesenteric 
lymph nodes are enlarged. At a later stage, 
toward the end of the second week after the 
onset of fever, necrosis occurs in these 
lymph follicles and Peyer’s patches. This is 
followed by the development of oval flat 
ulcerations, rarely extending into the mus- 
cularis. Healing is usually complete without 
scarring,!:4:10,14 
Despite modern effective treatment of 
typhoid fever, the complications of the dis- 
ease continue to be potentially dangerous. 
Therefore, every effort should be made to 


establish an early diagnosis. Although the 
course of the illness is typical enough in the 
majority of cases to reach a presumptive 
clinical diagnosis, variations from the clas- 
sical pattern are not uncommon.” Further- 
more, the clinical picture may change with 
inadequate treatment or when the patient 
has been immunized. The definitive diag- 
nosis of typhoid fever depends on the isola- 
tion of the causative organism, usually 
from the blood. This is successful during 
the first week of fever in 50-go0 per cent of 
untreated cases and decreases significantly 
thereafter.?*5 Blood cultures require an 
incubation period of at least 48 hours. The 
chances of isolating the organism decrease 
further in cases treated with effective anti- 
biotics. Although the Widal test at times 
reveals a high titer early in the course of 
the disease, it is neither very reliable nor 
specific because the results can be altered 
by treatment, immunization and other 
Salmonella infections. Besides, it is the rise 
in titer and not any one absolute value 
which is helpful. A low titer does not ex- 
clude typhoid fever, 91213.15 

Because of the importance of an early 
diagnosis, a barium meal examination of 
the small intestine was carried out in sus- 
pected cases. Our paper deals with the re- 
sults of these examinations in 20 cases of 
proved or suspected typhoid fever treated 


* From the Departments of Radiologyt and Internal Medicine,t American University of Beirut Hospital, Beirut, Lebanon. 
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at the American University of Beirut 
Hospital. 


METHOD 


Following ingestion of 550 cc. of a non- 
flocculable barium (Mixobar, Astra), 20 
mg. of metoclopramide were administered 
intravenously to decrease the transit time 
through the intestine and to alleviate the 
severe nausea that some of the toxic pa- 
tients experienced.® The patient was then 
placed on the right side to promote gastric 
emptying. Multiple exposures of the ab- 
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Fis. 1. Case 10. S$. typhi infection examined 
* “ prior to treatment, 7 days after the onset of 


fever. (4) Coarsely nodular and serpiginous 
mucosal pattern of the terminal ileum. (B) 
Abrupt change to a normal fold pattern at 
the proximal end of the abnormal segment. 
(C) Two weeks following treatment with 
chloramphenicol, a normal fold pattern is 
demonstrated. 


domen in the prone position were made at 
intervals. 


ROENTGENOGRAPHIC FINDINGS 


Barium reached the colon in 1 to 24 
hours. All of the small intestine was visual- 
ized using a pneumatic compression paddle 
to separate the crowded loops when 
necessary. 

About half of the cases demonstrated 
very slight uniform dilatation of the ileum 
to 14 times the normal caliber. There was 
no jejunal dilatation. Contrary to other re-” 
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Fic. 2. Case 4. S. typhi infection examined prior to tre 
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nodular and serpiginous pattern of the terminal ileum. (B) Four months following treatment with chlor- 


amphenicol a normal fold pattern is demonstrated. 


ports, no localized dilated segment, exces- 
sive secretion, prolonged spasm, or hyper- 
peristalsis was demonstrated.’ Except for 1 
case, which will be described, the small in- 
testinal abnormality was confined to the 
terminal Io to 15 cm. of the ileum. There 





was an abrupt change to a normal fold 
pattern proximally (Fig. 18). The ab- 
normal segment exhibited a coarsely nodu- 
lar and serpiginous mucosal pattern, as- 
suming mostly a longitudinal arrangement. 
This represented a variable combination of 
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Fic. 3. Case 9. Negative blood cultures. Patient examined 6 days after the onset of fever. (4) Longitudinally 
arranged, ovoid, coalescing filling defects due to raised Peyer’s patches and lymph follicles in the terminal 
ileum. Abrupt change to a normal fold pattern proximally. The cecum is edematous. (B) Four months 
following treatment with chloramphenicol a normal fold pattern is demonstrated. 
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Fic. 4. Case 20. S. typhi infection examined prior to treatment, 6 days after the onset of fever. (4) Coarsely 
nodular pattern of the terminal ileum. (B) Two weeks following treatment with chloramphenicol a normal 


fold pattern is demonstrated. 


the swollen lymph follicles, the raised 
Peyer’s patches, and the edematous mu- 
cosa (Fig. 14-104). Occasionally, a soli- 
tary Peyer’s patch was seen rising dis- 
cretely above the adjacent mucosa (Fig. 


sA; 84; 94; and 104). There was no 





luminal narrowing or mural rigidity. The 
edema occasionally involved the cecum on 
either side of the ileocecal valve (Fig. 34; 
64; and 84). In most cases there was no 
separation of the ileal loops. However, the 
terminal ileum was easier to demonstrate 


~ 


Fic. 5. Case 12. S. typhi infection examined 2 days after the start of adequate treatment with chloramphen- 
icol, and 6 days after the onset of fever. (4) Longitudinally arranged, ovoid, coalescing filling defects due 
to raised Peyer’s patches and lymph follicles in the terminal ileum. Abrupt change to a normal fold pattern 
proximally. (B) One week following treatment with chloramphenicol, a normal fold pattern is demon- 


strated. 
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Fic. 6. Case 15. $. para. B infection examined prior to treatment, 15 days after onset of fever. (4) Coarsely 
nodular and serpiginous pattern of the terminal ileum and edema of the cecum adjacent to the ileocecal 
valve. (B) Two weeks following treatment with chloramphenicol a normal fold pattern is demonstrated. 


by the pneumatic compression paddle be- 
fore treatment as compared with the same 
cases re-examined after treatment. This is 
most likely due to thickening of the in- 
testinal wall and enlargement of the mes- 
enteric lymph nodes, resulting in slight 
separation of the loops. Only in a small 








number of cases, slight separation of the 
terminal ileum from the adjacent loops was 
obvious without the use of a compression 
paddle. In the cases where the colon was 
opacified, no abnormality was demon- 
strated except in the cecum adjacent to the 
ileocecal valve. This was a gross observa- 





Fic. 7. Case 6. S. typhi infection examined 2 days after the start of adequate treatment with chloramphenicol 


: and 5 days after the onset of fever. (4) Serrated margins and edematous folds of the terminal ileum. (B) 
Four months following treatment with chloramphenicol a normal fold pattern in demonstrated. 
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Fic. 8. Case 17. Negative blood cultures. Examined 11 days after the onset of fever. (4) Longitudinally ar- 
ranged, ovoid, coalescing filling defects due to raised Peyer’s patches in the terminal ileum. The cecum is 
edematous on either side of the ileocecal valve. (B) Four months following treatment with chloramphenicol 


a normal fold pattern is demonstrated. 


tion since the colon was full of residue. The 
only patient who was studied during the 
relapse of a Salmonella paratyphi infection 
exhibited a different roentgenographic find- 
ing, with involvement of the terminal 50 
cm. of the ileum (Fig. 114). This repre- 
sented a significantly longer segment when 


compared with the other cases. There was 
marked diffuse edema suggesting a stacked 
plate appearance, and there was mural 
rigidity.”1!_ The loops were moderately 
separated due to thickening of the wall and 
mesenteric lymph node enlargement. There 
was no significant alteration in the transit 





Fic. 9. Case 11. S. para. B infection examined prior to treatment, 6 days after the onset of fever. (7) Raised 
Peyer’s patches with convoluted surfaces are seen tangentially in the terminal ileum. (B) Eight days fol- 
lowing treatment with chloramphenicol, a normal fold pattern is demonstrated. 
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Fic. 10. Case 16. Negative blood cultures. Patient treated inadequately for 2 days. Examined 12 days after 
onset of fever. (4) Edematous terminal ileum. A large, raised Peyer’s patch is seen tangentially at the 
upper surface of the terminal ileum. (B) Five days following treatment with chloramphenicol a normal fold 
pattern is demonstrated. 


time of barium. In spite of an adequate RESULTS 

clinical response, the roentgenographic ap- The clinical, laboratory, and roentgeno- 
pearance did not change after 1 week of graphic data are presented in Table 1. 
treatment. It was only at the end of 3 weeks Initially only bacteriologically proved 
that marked improvement was noted cases were referred for roentgenographic 
(Fig. 118). study. Later in the study, cases with a 


Fic. 11. Case 18. S. para. B infection in relapse, examined 7 days after the second onset of fever. (4) A long 

* segment of the terminal ileum exhibits a stacked plate configuration, due to extensive edema. The involved 
segments are moderately separated due to the edema of the wall and mesenteric lymph node enlargement. 
(B) Three weeks following treatment there is marked regression of the edema. 
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TABLE | 
CLINICAL DATA ON PATIENTS WITH TYPHOID FEVER 
Duration of | Duration of T Interval Roentgeno- 
Widal at Treatment |Fever Before Initial Between graphic 
Case Blood Time of [Before Roent- Roentgeno- Roentgeno- | Initial and Findings 
No Culture Blood genographic |graphic Study graphic Follow-up After 
Culture Study (days) (days) Findings Study Treatment 
I S: para. B High 3 9 — 
2 S. typhi Not done 4 7 _ 
3 S. typhi Not done 5 12 — 
4 S. typhi High O 9 ao 4 months — 
5 >. para. B Low 5 8 + 2 weeks — 
6 S. typhi Low 2 5 -- 4 months — 
9 S. typhi High O 5 + 3 weeks — 
8 S. typhi High 5 IO os 4 weeks — 
9 Negative Low O 6 4- 4 months — 
IO S. typhi Low O 7 + 2 weeks — 
II S. para. B Not done O 6 + 8 days — 
12 S. typhi Not done 2 6 -i+ 7 days — 
13 S. typhi Low I 6 -+ 5 weeks — 
14 S. typhi Low I 5 -1 2 weeks — 
15 S. para. B Low O I5 - 2 weeks — 
16 Negative High 2 (Inadequate) 12 + 5 days — 
17 Negative Low O II + 4 months — 
18 5. para. B Not done O 7, 3 weeks Marked 1m- 
provement 
Ig Negative High 7 (Inadequate) 8 + 4 weeks -— 
20 S. typhi High O 6 7 2 weeks — 
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clinical suspicion of typhoid fever were in- 
cluded before the blood culture result con- 
firmed the diagnosis. Of the 20 adult pa- 
tients studied, 16 had a positive blood cul- 
ture. In 13 of the latter patients roentgeno- 
graphic changes were demonstrated, while 
in the remaining 3 of the 16 the study was 
negative. All 3 had already been under 
treatment by chloramphenicol, 3 gm. daily 
for 3, 4, and 5 days, respectively (Cases 1, 
2 and 3). In the remaining 4 cases, although 
a positive culture was not obtained, roent- 
genographically all 4 were positive (Cases 
9, 16, 17 and 19). Two of these had re- 
ceived inadequate treatment (Cases 16 and 
19). Thus, of the total of 20 patients, 17 
had positive roentgenographic findings. 
This number included all the patients who 
had received no treatment before the ex- 
amination. There was no untreated patient 
with a bacteriologically proved diagnosis in 
whom the roentgenographic study was 
negative. In all patients with positive find- 


ings, there was clearing of the roentgeno- 
graphic abnormality following adequate 
treatment with chloramphenicol. We could 
not detect any difference in the abnormality 
in patients suffering from Salmonella typhi 
or paratyphi infection. In 7 additional pa- 
tients with negative culture and Widal test, 
roentgenographic examination was per- 
formed because of a clinical suspicion of 
typhoid fever. The examination was nega- 
tive in all 7. Eventually, the clinical course 
of these patients excluded typhoid fever. 
Their fever subsided spontaneously with- 
out chloramphenicol treatment. 


DISCUSSION 


Our study has demonstrated definite 
roentgenographic changes in the intes- 
tine associated with typhoid fever. These 
changes are present early in the course of 
the disease. During a relapse of typhoid, 2 
significantly longer segment of terminal 
ileum with a different pattern 1s demon- 
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strated as compared with the findings dur- 
ing a primary infection. Our earliest exami- 
nation was performed on the fifth day of 
fever in 3 cases; all had positive findings 
(Cases 6, 7 and 14). In our experience, a 
short period of adequate treatment of up to 
5 days may, but does not necessarily, revert 
the roentgenographic findings to normal 
(Cases 1, 2, 3 and 16). The examination is 
of particular value in those patients who 
have received inadequate treatment, there- 
by greatly reducing the chances of obtain- 
ing a positive blood culture (Cases 16 and 
19). The roentgenographic study may be 
the only way of confirming the diagnosis 
when the clinical picture is suggestive but 
the blood culture is negative (Cases 9 and 
17). We feel that the findings are typical 
enough to justify the initiation of treatment 
in such cases. In our experience, it is fairly 
safe to say that a negative roentgeno- 
graphic study early in the course of a 
febrile illness rules out typhoid fever. 


Hrayr A. Kabakian, M.D. 

Department of Radiology 

American University of Beirut Hospital 
Beirut, Lebanon 
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CURRENT PERSPECTIVES ON GIARDIASIS* 


By CHARLES H. FISHER, M.D., KOOK SANG OH, M.D., THEODORE M. 
BAYLESS, M.D., and STANLEY S. SIEGELMAN, M.D. 


BALTIMORE, MARYLAND 


ABSTRACT: 


Giardia lamblia infestation can cause severe diarrhea and malabsorption, and the 
diagnosis is usually made by identification of cysts in the feces, but small intestinal 
biopsy or smears may be required. A wide spectrum of roentgen changes may be 
seen. In patients with a normal immune status, the small bowel is normal or shows 
an inflammatory bowel disease pattern. Eradication of the parasite reverses these 
changes. In some patients with IgA deficiency, nodular lymphoid hyperplasia oc- 
curs, and this is usually not reversible. Other patients with hypogammaglobulinemia 
or dysgammaglobulinemia and giardiasis may show a sprue pattern. This pattern 
most often persists after eradication of the parasite. Although the triad of giardiasis, 
IgA deficiency, and nodular lymphoid hyperplasia has a particularly high associa- 
tion, these, together with diarrhea, malabsorption, and various altered immune 


states may occur in any combination. 


IARDIA LAMBLIA, a multiflagel- 

late protozoan, was once thought to be 
a harmless commensal organism in the gas- 
trointestinal tract of man. It is now well 
established that this organism may be asso- 
ciated with severe diarrheal disease and 
malabsorption.”*:6 In recent years, Giardia 
lamblia infestation has been reported in a 
bewildering array of “altered immune 
states” in which its relationship to diar- 
rheal disease has often been uncertain. It 
is the purpose of this report to review the 
current knowledge of giardiasis, to present 
illustrative cases, and to propose a scheme 
for understanding the inter-relationships 
of giardiasis, diarrheal disease, nodular 
lymphoid hyperplasia, and “altered im- 
mune states.” 


EPIDEMIOLOGY 


Giardia lamblia was first identified in 
human feces by van Leeuenhoek and char- 
acterized by Lambl.** More recently, trans- 
mission and scanning electron microscopy 
have been used to demonstrate the ana- 
tomic and ultrastructural features.*? The 
organism tends to inhabit the duodenum 


and jejunum in its human host and at- 
taches to the mucosa by a ventral suction 
disk.2® In the intestine Grardia lamblia 
exists as a motile trophozoite, but the cyst 
form is most commonly identified in the 
feces. Trophozoites die within hours of 
leaving the body, but the cysts can survive 
for many days or weeks outside the host.”® 
The mode of transmission is poorly docu- 
mented, but is probably most often by in- 
gestion of food or water contaminated by 
human feces containing cysts. In an epi- 
demic which occurred in Aspen, Colorado, 
sewage contamination of the water supply 
was the suspected cause.?’ In experimental 
studies in man,” ingestion of less than 100 
organisms often produced infestation, and 
ingestion of greater numbers uniformly 
produced infection. The infestation is often 
self-limited, but a chronic infestation last- 
ing many months is sometimes produced. 


PATHOLOGY 


In symptomatic cases, biopsy of the 
small intestine usually shows varying com- 
binations and degrees of blunting of villi, 
acute and chronic inflammation of the 


* Presented at the Seventy-fifth Annual Meeting of the American Roentgen Ray Society, San Francisco, California, September 
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lamina propria, increased crypt epithe- 
lial mitoses and luminal bacterial over- 
growth.?® 4146.47 Ament and Rubin? studied 
patients with multiple biopsies at many 
levels of the small bowel. They emphasized 
the patchy distribution of the lesions in 
the mucosa which may be almost normal 
in I specimen, yet show severe changes at 
adjacent sites. This lack of uniformity in 
distribution may account for the poor cor- 
relation observed between single biopsies 
and the clinical and roentgenologic status. 
The organism is usually identified only in 
the mucus in the intervillous spaces,3%4! 
although some investigators have demon- 
strated tissue invasion by differential stain- 
ing and careful examination of multiple 
sections.®?* Histologic abnormalities usu- 
ally disappear after treatment in normal 
individuals, and variable improvement oc- 
curs in patients who also have immuno- 
globulin deficiencies.? 

Absence or marked reduction in the 
number of plasma cells in the lamina pro- 
pria indicates a hypogammaglobulinemic 
state: 13.14,15,18,19 and is sometimes associ- 
ated with a marked increase in the number 
and size of lymphoid follicles and lympho- 
cytic infiltration of the lamina propria— 
nodular lymphoid hyperplasia.?!92° In se- 
lective IgA (immunoglobulin A) deficiency, 
plasma cells may be present in near normal 
numbers in the lamina propria, but there is 
a marked decrease in the proportion of 
cells which show immunofluorescent stain- 
ing specific for IgA." 


DIAGNOSIS AND TREATMENT 


The diagnosis of Giardia lamblia infesta- 
tion is most often accomplished by identi- 
fication of the characteristic cysts in the 
stool. It is important to recognize, how- 
ever, that cysts may be absent from the 
stool even in patients with severe dis- 
ease.” 1,46 Tn these patients the organism 
may be found only in smears of the jejunal 
mucus or by careful examination of the 
intervillous spaces on stained sections of a 
small intestinal biopsy. The clinical sig- 
nificance of the infestation can be judged 
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only after eradication of the organism.” 
This is usually accomplished easily by a 
course of metranidazole (Flagyl) or quina- 
crine (Atabrine), although relapses are not 
uncommon and require additional medica- 
tion.??*:46 Disappearance of cysts from the 
stool after therapy may occur in some pa- 
tients who have persistent symptoms, with 
organisms remaining in duodenal aspirates.“ 


CLINICAL AND ROENTGENOGRAPHIC 
FEATURES 


To understand the clinical and roent- 
genographic spectrum of giardiasis, it is 
necessary to know the relationships be- 
tween giardiasis, diarrheal disease, nodu- 
lar lymphoid hyperplasia and “altered 
immune states.” Figure 1, 4 and B shows 
a simple diagram which demonstrates 
these relationships and which will serve as 
a basis for the discussion below. 


ASYMPTOMATIC GIARDIA INFESTATION 
(Fig. 14-a) 


Of various populations studied in the 
United States, 1.5 to 20 per cent have been 
found to be infected with Giardia lamblia. 
The vast majority of these individuals are 
asymptomatic and have normal small 
bowel roentgenograms.”6 


SYMPTOMATIC GIARDIASIS 
(Fig. 14-b) 


Children,” postgastrectomy patients,® 
and travelers to endemic areas”! (e.g., Len- 
ingrad,*® India, Aspen, Colorado?’) are 
believed to be prone to develop clinically 
significant infestations. The acute form 
may range from a mild gastrointestinal 
upset to a severe, protracted illness with 
profuse diarrhea, intestinal cramping, 
bloating, malabsorption, and weight loss.?8 
A chronic malabsorption syndrome fre- 
quently occurs.“ In children, chronic giar- 
diasis has been confused with celiac disease 
because they may have failure to thrive 
and show flattened villi on mucosal biopsy, 
but the response to a gluten free diet is 
poor, ^u 

The roentgenographic findings consist 
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GIARDIA INFESTATION - CLINICAL and IMMUNOLOGIC SPECTRUM 


Fic. 1. (4 and B) This mnemonic device summarizes the associations reported in the literature among 
Giardia lamblia infestation, diarrhea and malabsorption, nodular lymphoid hyperplasia, and a variety of 
“altered immune states,” several of which have in common a decreased level of serum immunoglobulin A 
( | IgA). The device is useful to emphasize that each of the entities may occur independently or in variable 
combination with the others. A detailed description of the relationships is given in the text. 


of thickening of the valvulae conniventes, 
increased secretions, and disordered mo- 
tility (Fig. 2-6) which are a reflection of 
inflammatory changes in the intestinal 
mucosa.?®33.45 Roentgenologic abnormalities 
are most apparent in the duodenum and 
jejunum. The single most important find- 
ing is thickening of the mucosal folds (Fig. 
2, A-C) which is attributable to diffuse 
mucosal inflammation including prolifer- 
ative changes in the mucosal glands, edema 
of the lamina propria and widespread in- 
filtration by inflammatory cells. In severe 
cases the folds are irregularly tortuous and 
present a distinctly nodular appearance 
when seen on end (Fig. 3, Æ and B). In- 
creased secretions result in barium dilution 
and flocculation. There is a finely granular 
appearance of the barium, which is often 
less pronounced when the newer colloidal 
barium suspensions are used. Disordered 
motility results in spasm and segmentation 
of the barium column and rapid transit of 
barium to the cecum (Fig. 2B). In 1 of our 
patients the combination of increased mo- 
tility and diffuse thickening of folds re- 
sulted in episodes of transient jejunal in- 
tussusception (Fig. 6, 4-D). The roent- 
genologic findings are not specific; similar 


changes may be seen in other parasitic 
and inflammatory diseases of the 
bowel 25,26,32,36 


ALTERED IMMUNE STATES 


There have been no prospective, con- 
trolled studies to prove an increased sus- 
ceptibility to giardiasis in patients with 
any type of altered immunity. Neverthe- 
less, many investigators suspect an 1n- 
creased incidence of the disease in these 
patients, particularly when there is a de- 
ficiency of IgA.54 IgA is synthesized and 
released by plasma cells in the lamina 
propria of the intestine. Some of the IgA 
passes into the blood, where its concentra- 
tion is most conveniently measured (serum 
IgA). Much IgA is taken up by the epi- 
thelial cells of the intestine. The epithelial 
cells produce a nonimmunoglobulin glyco- 
protein “secretory component” which is 
bound to IgA and the resultant molecule 
(secretory IgA) is secreted into the intesti- 
nal lumen. Secretory IgA is the principal 
immunoglobulin in saliva, tears, enteric 
fluid,’*:34 and other external secretions in 
which it is generally assumed to play an 
important role in the body’s defense.” Thijs 
role is best documented in defense against 
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Fic, 2. Giardiasis: normal immune status. A 36 year old white female had a sudden onset of severe diarrhea. 
Stool examination showed cysts of Giardia lamblia. Serum immunoglobulins were normal. Response to 
Flagyl was excellent. (4) The valvulae conniventes of the duodenum are thickened and tortuous. (B) 
Twenty minute roentgenogram. The mucosal folds in the proximal jejunum are also thickened and tortu- 

*ous. Rapid transit time is noted. (C) Sixty minute roentgenogram. [here are moderate segmentation and 
minimal evidence of increased secretions. 








Fic. 3. Giardiasis: normal immune status. This 21 year old white male developed severe crampy diarrhea after 
a trip to India. Giardia lamblia cysts were identified in the stool. Serum carotene and D-xylose excretion 
was low and returned to normal after successful therapy with Flagyl. (4) Forty minute roentgenogram. 
Multiple areas of spasm are evident. The mucosal folds of the jejunum are thickened and have a nodular 
appearance when seen on end. (B) Sixty minute roentgenogram. Increased secretions are present with 
barium dilution and flocculation. The thickened nodular mucosal folds are again seen. 





Fic. 4. Giardiasis: normal immune status—failure to thrive. This § year old white girl had 2 years of intermit- 
tently diarrheal stools containing up to 12 gm. of fat per day. Her weight was below the third percentile 
and her bone age was retarded. She was initially thought to have celiac disease but failed to respond toa 
gluten free diet. Giardia lamblia cysts were finally identified in the stools and her response to Flagyl was 
dramatic with complete disappearance of diarrhea and restoration of normal growth and development. 
(4) The mucosal folds are thickened and have a nodular appearance when seen on end. (B) Twenty 
minute roentgenogram. Hypersecretion with barium dilutiom, segmentation and flocculation are present. 
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Fic. 5. Giardiasis: Wilms’ tumor patient on immunosuppressive therapy. This 6 year old white female devel- 


oped severe diarrhea while on therapy with Vincristine and Actinomycin D. Giardia lamblia cysts were 
present in the stool and immunoglobulin levels were normal. Response to eradication of the parasite was 
excellent. (4) The valvulae conniventes are thickened. (B) Hypersecretion is evident with dilution of 


barium, flocculation, and slight segmentation. 


viral agents, but IgA very likely also plays 
some part in defense against bacteria, 
protozoan parasites, food allergens,’ and 
other offending agents in the intestine.!%?4 
A number of recent, excellent reviews pro- 
vide more detailed information on the im- 
munology of the intestine. !618:24,37,40,42 
Although giardiasis has been most often 
reported in association with primary im- 
munoglobulin deficiencies, it may also oc- 
cur in any other altered immune state. One 
of our patients with a Wilms’ tumor de- 
veloped severe giardiasis while on therapy 
with Vincristine and Actinomycin D (Fig. 
5, A and B). Another patient with cartil- 
age-hair hypoplasia (metaphyseal chondro- 
dysplasia, Type McKusick), normal im- 
munoglobulins, and evidence of defective 
cellular immunity, had severe lifelong mal- 
absorption with giardiasis as a contributing 
factor. Still another patient with Addison’s 
disease, hypoparathyroidism, and chronic 
mucocutaneous candidiasis had malabsorp- 
tion with giardiasis.!° We have also ob- 
served giardiasis in alcoholism and other 
chronic diseases in which altered immunity 


may play a role. Whenever Giardia lamblia 
is discovered in a patient with immunode- 
ficiency and diarrheal disease, every effort 
should be made to eradicate the organism. 
Eradication may not be followed by im- 
provement,” but often improvement is 
dramatic, and the contribution of Giardia 
lamblia is only then appreciated.?:!:3! 

Until the immunology of the intestine 
and giardiasis are more completely under- 
stood, it is helpful to think in the general 
terms and relationships depicted in Figure 
1, 4 and B. Since giardiasis has been most 
often reported with various immunoglobu- 
lin deficiency states, these will be described 
below. We will omit descriptions of other 
immunodeficiency states which have been 
associated with malabsorption and diarrhea 
without giardiasis.! 5-37 


SELECTIVE DEFICIENCY OF IGA 


(Fig. 14-c). Selective deficiency of IgA 
is relatively common and occurs in 0.14 to 
0.9 per cent of the population.’ In this 
condition there is a marked decrease in the 
number of IgA producing plasma cells in 
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Fic. 6. Giardiasis: selective IgA deficiency. This 24 year old white female had a sudden onset of diarrhea with 
up to 20 stools per day containing 15 gm. of fat and cysts of Giardia lamblia. IgA was absent from the 
serum and duodenal fluid but other immunoglobulins were normal. At one point in the course she de- 
veloped transient intestinal obstruction due to jejunojejunal intussusception. The patient suffered relapse 
after a single course of Flagyl, but her symptoms completely resolved after a second course. (4) Plain ab- 
dominal roentgenogram shows a pattern of incomplete small bowel mechanical obstruction. (B) An area of 
intussusception is present in the jejunum. (C) Close-up of B. A jejunojejunal intussusception is seen. 
(D) Subsequent gastrointestinal examination. The mucosal folds in the duodenum and jejunum are thick- 
ened, tortuous, and distorted. 

a 


214 a 


the intestine and little or no IgA can be 
detected in the serum. IgG and IgM are 
present in normal concentrations and most 
of these individuals have no symptoms 
related to the intestine.!*:37:38 

(Fig. 14-d). Crabbé and Heremans" first 
reported a patient with selective deficiency 
of IgA, steatorrhea, and mucosal biopsy 
abnormalities who responded to a gluten 
free diet. Symptoms recurred when gluten 
was reintroduced. No Giardia lamblia in- 
festation was recognized in this patient or 
in similar reported cases!*!%37 which have 
been summarized by Gelzayd et a/.° These 
authors suggest the term IgA deficient 
sprue for this entity. 

(Fig. 14-e, f). Giardiasis may be solely 
responsible for diarrheal disease in some 
patients with selective IgA deficiency.” 
We have encountered such a patient who 
presented with transient small bowel ob- 
struction due to intussusception (Fig. 6, 
A-D). Other cases have been reported in 
the literature, but we are aware of none 
where intussusception was documented. 
When Giardia lamblia is the sole cause of 
symptoms, eradication of the organism is 
curative. 


IcA DEFICIENCY WITH NODULAR LYMPHOID 
HYPERPLASIA AND GIARDIASIS 


(Fig. 1 B-h). A few patients with IgA de- 
ficiency,’ whether selective or as a part of 
primary acquired hypogammaglobulinemia 
or dysgammaglobulinemia? 18.19.22.37 also have 
nodular lymphoid hyperplasia. Many, but 
not all, of these patients have giardiasis.?:": 
18,19,21,22,23,27,44 The relationships among these 
3 conditions are depicted in Figure 1B. The 
simultaneous occurrence of 3 relatively rare 
conditions strongly suggests a causal rela- 
tionship, but each may occur independently 
of the others,*:94 and their true relation- 
ship is obscure. Hermans eż a/.!8:!9 reported 
the clinical findings in 10 patients with this 
triad. Their patients all had low serum 
concentrations of IgA and IgG and usually 
of IgM. Subsequently, there have been re- 
ports with selective IgA deficiency” and 
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borderline low IgA.” Clinical response to 
eradication of Giardia lamblia is unpredic- 
table, but vigorous treatment is indicated 
since marked improvement may oc- 
cur, 7:18.19, 21,28 

Hodgson et al.” described the roentgeno- 
graphic findings in the 10 original patients, 
and other descriptions are scattered in the 
literature.?!7,??.23,26.44 Innumerable tiny nod- 
ules varying in size from 1 to 3 mm. are 
seen as polypoid mucosal masses. The nod- 
ules are generally most numerous in the 
jejunum, but the entire small bowel and 
colon?®?4 may be involved. Umbilication 
of the nodules has not been reported. This 
nodular pattern must be distinguished from 
scattered coarse nodular thickening of folds 
viewed on end which may be seen in any 
patient with giardiasis. Poor mixing of 
barium and secretions may give rise to a 
finely granular appearance which must also 
be distinguished. When giardiasis is pres- 
ent, the roentgenographic changes of in- 
flammatory bowel disease and malabsorp- 
tion may also be seen. Inflammatory 
changes disappear with therapy, but the 
nodules will persist.?2%27 


INFANTILE X-LINKED AGAMMAGLOBULINEMIA 


This condition is usually not associated 
with diarrheal disease?” (Fig. 14-c), al- 
though Ochs eż a/.*! have studied 1 patient 
in whom giardiasis was clearly demon- 
strated to be the cause of severe malabsorp- 
tion and diarrhea which responded to eradi- 
cation of the organism (Fig. 14-f). The 
small bowel series in Ochs’ patient showed 
thickened folds in the duodenum and 
jejunum with marked segmentation and 
returned to normal following treatment. 


PRIMARY ACQUIRED HYPOGAMMAGLOBULINEMIA 
AND DYSGAMMAGLOBULINEMIA 

Most of these patients, particularly 
early in the course of their disease and with 
only mild depression of serum immuno- 
globulin levels, have no gastrointestinal 
disturbance!® (Fig. 14-c). An estimated 20 
per cent of patients have chronic diarrhea 
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Fic. 7. Giardiasis: primary acquired hypogammaglobulinemia. This 54 year old white male had a long history 
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of multiple pulmonary infections. He developed severe diarrhea and malabsorption with a 40 pound weight 
loss. Giardia lamblia trophozoites were identified by small bowel biopsy. IgA was absent from the serum; 
IgG and IgM were markedly depressed. Plasma cells were absent from the lamina propria of the intestine. 
Improvement was definite but incomplete after eradication of the parasite, and a sprue pattern persisted 
roentgenographically. (4 and B) Small bowel studies show a sprue pattern with dilatation, flocculation 


and segmentation. 


and malabsorption, a “sprue-like syn- 
drome’”!®:37 (cf. selective IgA deficiency and 
infantile x-linked agammaglobulinemia). 
The cause of malabsorption is usually not 
clearly determined, but it sometimes im- 
proves after some combination of anti- 
biotics, gamma globulin injections, fresh 
frozen plasma infusions, corticosteroids, or 
a gluten free diet. Giardia lamblia often is 
either absent from the intestine (Fig. 
14-d) or eradication produces little or no 
improvement in symptom 35:15.18.19,22.4 (Hig, 
14-e). In some of these patients, however, 
giardiasis is apparently the dominant cause 
of symptoms, and marked improvement oc- 
curs with treatment? (Fig. 14-f). The small 
bowel roentgen findings in primary ac- 
quired hypogammaglobulinemia have been 
reviewed by Vermess et al.“ In such pa- 
tients with chronic malabsorption, a sprue 
pattern is present with atonic, dilated 


small bowel loops, increased secretions and 
prolonged transit (Fig. 7, 4 and B). 


Charles H. Fisher, M.D. 

Department of Radiology and Radiologic Science 
The Johns Hopkins Hospital 

601 North Broadway 

Baltimore, Maryland 21205 
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ESOPHAGEAL MONILIASIS* 
A REVIEW OF COMMON AND LESS FREQUENT CHARACTERISTICS 


By ANN M. LEWICKI, M.D.,t and JEFFREY P. MOORE, M.D. 


BOSTON, MASSACHUSETTS 


ABSTRACT: 


Invasion of the esophagus by Candida albicans probably occurs more frequently 
than the reported cases suggest. The disease usually occurs following immunosup- 
pression but may occur after antibiotic therapy. It is heralded by the sudden onset 
of severe pain and dysphagia, and recovery or death from dissemination may occur. 
Roentgenographically, impaired motility is much more prominent than disordered 
motility or spasm. Narrowing, a cobblestone epithelium, and later, erosions and 
ulcerations are seen. Antifungal agents are adequate therapy. 


ce pee the original description of roent- 
genographic changes resulting from 
esophageal moniliasis or candidiasis by 
Andrén and Theander in 1956,! no more 
than 100 additional cases have been re- 
ported. Most of these have appeared as 
isolated case reports with few analyses of 
large series. Collectively these reports com- 
bined with our own cases form a clinical 
and roentgenographic spectrum of the dis- 
ease which is the subject of this report. 


INCIDENCE 


The Cancer Institute of Jutland found 
esophageal moniliasis in 5 per cent of 694 
consecutively admitted patients.’ At au- 
topsy an even higher prevalence has been 
demonstrated, particularly in patients dy- 
ing of some of the predisposing diseases. In 
a postmortem series of leukemic patients, 
10 per cent had esophageal and 16 per cent 
gastrointestinal invasion by Candida al- 
bicans..© These findings indicate that the 
disease occurs more frequently than the 
isolated case reports suggest. 


PATHOGENESIS 


Candida albicans is found in the mouth, 
throat, sputum, and feces of normal chil- 
dren and adults. In almost all patients 
esophageal invasion by these fungi is an 
autonomous infection resulting when an 


immunologic imbalance develops between 
the host and the normal commensal flora. 
This happens most frequently in patients 
with leukemia or lymphoma and in those 
requiring corticosteroid therapy. Esopha- 
geal invasion has also been reported in pa- 
tients with generalized debilitation from 
diabetes,!® systemic lupus erythematosis,° 
multiple myeloma,!* ulcerative colitis," 
achalasia of the esophagus,'! hemoglobin 
sickle-cell disease,” renal failure,’ Paget’s 
disease,’ and other diseases. 

Candidiasis of the esophagus has been 
found in otherwise healthy adults after a 
course of antibiotics for a sore throat or 
upper respiratory infection.* Tetracyclines, 
in particular, have been implicated in 
esophageal invasion by Candida albicans. 
It has been postulated that the fungi over- 
grow because they do not have to compete 
for nutritive substances with the normal 
bacterial flora which has been removed by 
the antibiotics. Occasionally esophageal 
moniliasis may occur even in healthy adults 
where exposure to such contributing causes 
cannot be traced.” 


CLINICAL SYMPTOMS 


Characteristically esophageal moniliasis 
manifests itself by dysphagia associated 
with intense pain localized to the upper 
retrosternal area. The pain may radiate 


* From the Departments of Radiology, Harvard Medical School, Peter Bent Brigham Hospital, and Tufts New England Medical 


Center, Boston, Massachusetts. 
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into the back following the distribution of 
pain originating from the esophagus.” 
Chest pain may be very severe and may 
precede dysphagia so that myocardial in- 
farction has been initially suspected in 
some patients.'® Pain and dysphagia are of 
sudden onset, progress rapidly if untreated, 
and are not relieved by the administration 
of alkali.' 

In some patients the fungi invade the 
oral cavity before spreading to the esopha- 
gus. Oral thrush may be mild, however, and 
can occur concomitantly with esophageal 
disease. It may also be entirely absent.!%” 

The course of esophageal moniliasis 
varies widely. Complete recovery may be 
rapid or systemic invasion may occur as 
mycelia enter the systemic circulation 
through ruptured esophageal vessels. Dis- 
semination of moniliasis to other organs is 
invariably associated with extensive inva- 
sion of the gastrointestinal tract.® Systemic 
candidiasis frequently leads to death. 

Recovery from symptoms may occur 
after 2 days of treatment." After 1 week of 
therapy, the esophagus has been shown to 
be normal by esophagoscopy.’” Recovery 
usually takes place after institution of anti- 
fungal therapy with nystatin or ampho- 
tericin B. It may also follow simple with- 
drawal of contributing agents such as corti- 
costeroids or an improvement in the pa- 
tient’s general clinical status (Fig. 7, 4 and 
B; and 8, 4 and B). After recovery from 
esophageal moniliasis, patients are still 
susceptible to recurrent attacks.® 


NONROENTGENOGRAPHIC DIAGNOSTIC 
STUDIES 


Because Candida albicans can be found in 
the mouth and feces of healthy individuals, 
smears and cultures from these sites usually 
do not establish clinical disease conclu- 
sively. When the fungi are found in the 
mycelial form rather than exclusively as 
yeasts, however, invasion can be assumed. 
Esophagoscopy with or without biopsy can 
be particularly helpful when the esophagus 
is normal roentgenographically and no 
thrush can be seen in the oral cavity. A 
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Fic. 


1. Esophageal moniliasis in a 14 year old girl 
with poorly controlled diabetes. The esophageal 
folds are irregularly widened and resemble those 
in patients with varices. 


high risk of perforation from endoscopy in 
patients with monilial esophagitis is em- 
phasized in published reports. We could 
find only 1 reported case where an esopha- 
gocutaneous fistula developed shortly after 
esophagoscopy.” Jensen eż a/., in particu- 
lar, have shown endoscopy to be more 
sensitive in detecting early disease than the 
roentgenogram. 

The presence of thrush in association 
with a characteristic esophagogram is con 
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Fic. 2. (4) The esophageal lumen is finely nodular particularly along its left lateral side (arrows) at the 
carinal and subcarinal level. (B) On close inspection (on the magnified view) variations in the size of these 


nodular defects are visible. 


sidered conclusive for esophageal invasion 
in most patients.!’ In such circumstances it 
does not seem prudent to delay institution 
of therapy because the organism cannot be 
isolated. Such an empirical approach seems 
justified because of the high morbidity and 
mortality that systemic moniliasis carries. 


ROENTGENOGRAPHIC FINDINGS 


Motility Disorders. The esophagus be- 
comes atonic and peristalsis is impaired 
when Candida albicans invades the esopha- 
gus. Primary and secondary peristaltic 
waves are diminished in frequency and 
magnitude.®!19 The degree of impaired 
motility directly reflects the severity of 
esophageal involvement and is usually 
worse in the distal portion of the esophagus. 
Spasm and irritability were frequently ob- 


served in reported cases.'4 Our own ex- 
perience does not support this finding al- 
though many of our patients were examined 
with cinematography in addition to stan- 
dard fluoroscopy and filming. One may 
wonder whether in many described cases 
the esophagus was actually incompletely 
distended from an inability to swallow an 
adequate bolus, thus appearing fortuitously 
spastic. Spasm can occur in conjunction 
with diminished peristalsis as a transient 
event, however. This has been well demon- 
strated with a cinematography sequence by 
Sanders et al.” 

Barium was intermittently aspirated into 
the larynx and trachea in 1 of the 2 origi- 
nally reported cases.! Such a swallowing 
dysfunction is actually rare and is not re- 
ported in other adult cases including those 
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from our own group. In children with 
thrush, painful swallowing frequently leads 
to aspiration and bronchopneumonia.! 4 
Localization. Esophageal moniliasis prob- 
ably results from spread of Candida albicans 


ae 





Fic. 3. Detail view of the esophagus at the thoracic 
inlet in a leukemic patient with esophageal mon- 
iliasis. Defects of various sizes and shapes produce 
an irregular cobblestone pattern. 





Fic. 4. Same patient as in Figure 1, examined at a 
later date with more severe disease. Detail view of 
middle third of intrathoracic esophagus. Barium 
has penetrated under a detached pseudomem- 
brane forming a double tract which parallels the 
esophageal lumen (coarse arrow). In other areas 
the esophagus is ulcerated with hair-like fissures 
(fine arrows). 
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Fic. 5. Coarser ulcerations at the thoracic inlet in a 
patient with diffuse monilial invasion of the 
esophagus. The esophageal lumen is slightly nar- 
rowed at this point. More distally, the esophagus 
was actually wide and atonic. Such localized ulcer- 
ations above the aortic arch may resemble intra- 
mural pseudodiverticula. 


from the oral cavity into the esophagus.’® 
The cervical esophagus has been shown to 
be involved from the level of the crico- 
pharyngeus by esophagoscopy,!” yet in- 
volvement at the cervical level or in the 
hypopharynx has not been described roent- 
genographically. 4 The intrathoracic esopha- 
gus is invaded by the fungi segmentally or 
diffusely. Surprisingly, with segmental dis- 
ease there is a predilection for involvement 
of the distal and middle sections (Fig. 6).° 

Esophageal Lumen. Although narrowing 
of the esophageal lumen has been reported 
early in the course of the disease, the lumen 
may appear fortuitously diminished be- 
cause of incomplete distention by an inade- 
quate bolus. As the disease progresses, 
compromise of luminal diameter may occur 
from both edema of the mucosa and the 
presence of an overlying pseudomembrane. 
With spread of the disease through the 
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esophageal wall, a long esophageal segment 
may become constricted. Although the 
lumen usually tapers into the stricture, oc- 
casionally the diameter change may be 
abrupt, resembling an esophageal neo- 
plasm. 


Esophageal Morphology. Early in the 





S 


Fic. 6. A characteristic distribution of esophageal 
moniliasis with involvement of the distal two-thirds. 
The nodular defects narrow the lumen slightly. 
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Fic. 7. (4) Extensive monilial involvement of the esophagus in an adult patient with acute leukemia. (B) 
A repeat esophagogram 1 month later after chemotherapeutically induced remission of leukemia and a 
course of nystatin. Although the patient had no symptoms of esophageal disease at this time, a short 
esophageal segment just above the aortic arch remains abnormal. 


course of the disease, an esophagogram may 
show only minor irregularities of the muco- 
sal folds (Fig. 1; and 2, 4 and £B).'* This 
progresses to a frank cobblestone pattern 
of the esophagus. Grossly and histologi- 
cally, cobblestoning reflects a granular mu- 
cosa caused by submucosal edema and as- 
sociated inflammatory changes (Fig. 3).%" 
The esophageal surface may become granu- 
lar or nodular also from direct seeding of 
Candida albicans colonies on the mucosa." 
Soon erosions and ulcerations of the esopha- 


geal mucosa develop, and the esophageal 
lumen becomes shaggy roentgenographi- 
cally (Fig. 5). Ulcerations are multiple and 
of varying size. The intervening esophageal 
contour is nodular with irregular, round 
and oval defects of various sizes. At this 
point the ulcerated esophageal mucosa is 
covered by a whitish-yellow membrane 
composed of fungi and debris. Microscopi- 
cally, growth of the organisms can be seen 
in the mucosal and submucosal layers; and 
mucosal erosions and ulceration, intramura 
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hemorrhage, and mural necrosis are pres- 
ent. Inflammatory cells infiltrate the eso- 
phageal wall.’ 

Occasionally the pseudomembrane may 
partially separate from the esophageal wall 
permitting contrast material to penetrate 
under it resulting in a double-contour ap- 
pearance (Fig. 4).°!° Contrast material ad- 
heres to the esophageal mucosa for pro- 
longed periods because of dryness of the 
surface!’ and inefficient esophageal empty- 
ing because of impaired peristalsis. 


DIFFERENTIAL DIAGNOSIS 


Round and oval nodular defects of eso- 
phageal moniliasis may simulate varices of 
the esophagus. Unlike varices, however, 
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9 MONTHS LA 


Fic. 8. (4) Diffuse aa ETN with more severe involvement of the distal two-thirds. (B) A per- 
manent stricture of the distal esophagus, an infrequent complication of esophageal moniliasis, developed 9 
months later. 


the defects do not change size or appear- 
ance with variations in intrathoracic pres- 
sure.” Occasionally an asymmetrical, abrupt 
stenosis due to monilial disease may simu- 
late an infiltrating neoplasm.’ The most 
important differential point for distinguish- 
ing varices and carcinoma from moniliasis 
is the striking variability of roentgen find- 
ings over a short time period.?° There is 
usually no difficulty in distinguishing peptic 
esophagitis where ulcerations are single or 
few in number, unlike those in moniliasis. 
Corrosive esophagitis can be excluded by 
the clinical history. 

One must remember that moniliasis may 
occur in patients affected by other esopha- 
geal disease such as achalasia, carcinoma of 
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the esophagus, and lupus erythematosis. 
Thus the initial abnormalities of esophageal 
motility and morphology can be in part or 
predominently due to the antecedent dis- 
ease. This can be best evaluated by serial 
esophagograms or by comparison with 
prior baseline study. While microscopic in- 
filtration of the esophagus by leukemia is 
not rare, lesions of such size that they can 
be recognized grossly are infrequent.’ 
Lymphomatous invasion of the esophagus 
is invariably due to a direct extension of 
neoplasm from the mediastinum.’ 

When ulcerations are deep and under- 
mined, they may resemble esophageal di- 
verticula. More recently these projections 
have been shown to be dilated esophageal 
glands, located intramurally.?*)* Although 
monilia were cultured from esophagi in pa- 
tients with such pseudodiverticulosis, it is 
unlikely that the fungus was a pathogen as 
assumed in an earlier report.” As with 
varices and carcinoma, serial esophago- 
grams will help to distinguish diverticula 
from ulcers. 


Ann M. Lewicki, M.D. 
Department of Radiology 
Harvard Medical School 

25 Shattuck Street 

Boston, Massachusetts 02115 
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PERFORATED VISCUS PRESENTING WITH GAS IN 
THE SOFT TISSUES (SUBCUTANEOUS EMPHYSEMA)* 
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ABSTRACT: 


We have reviewed the spectrum of gaseous densities in the soft tissues secondary 
to a perforated viscus. All patients presented late and most were elderly. The most 
common surgical procedure was diversion of the fecal stream proximal to the per- 
foration. In our series 4 of 7 patients died in the immediate postoperative period. 
Knowledge of the mechanism and differential diagnosis of this entity will prevent 
overlooking this possibility, as occurs too frequently, particularly with subcutaneous 


emphysema of the leg. 


r 1853, 42 years before Roentgen’s dis- 

covery, the first case of subcutaneous 
emphysema secondary to a perforated hol- 
low viscus was reported.! Review of the 
literature 100 years later revealed only 38 
cases of this unusual presentation." Roent- 
genographic findings of this entity have 
been recorded infrequently since. 

In the past 11 years we have collected 7 
cases which illustrate the spectrum of gas 
in the soft tissues following a perforation 
within the gastrointestinal tract. These in- 
clude 2 cases each of perforation secondary 
to colonic carcinoma and diverticulitis. A 
single case each of perforation of the ileum, 
the appendix, and a duodenal diverticulum 
is also included. We believe this to be the 
first reported case of subcutaneous emphy- 
sema secondary to a ruptured duodenal 
diverticulum. 


REPORT OF CASES 


Case 1. This 71 year old white female was 
admitted to S.M.H. for evaluation of a pelvic 
mass. A laparotomy revealed adhesions involv- 
ing the omentum and small bowel. A lysis of 
adhesions was performed. However, abdominal 
distention began on the first postoperative day 
and continued to the fifth postoperative. Roent- 
genograms at this time revealed a pattern of 
small bowel obstruction and perforation with 
subcutaneous emphysema (Fig. 1). Repeat 


laparotomy showed that the peritoneal sutures 
had given over a length of 6 inches. Intestinal 
contents were found in the peritoneal cavity. 
Two perforations of the distal small bowel and 
adhesions were found. The patient was dis- 
charged on the nineteenth hospital day in sat- 
isfactory condition. 


Case 11. This 47 year old white female was 





Fic. 1. Case 1. Linear streaking (arrows) represents 
subcutaneous emphysema in the anterior abdom- 
inal wall. There was a perforation of the small 
bowel secondary to obstruction. The peritoneal 
sutures had given away. 


* Presented as a Scientific Exhibit at the Seventy-fifth Annual Meeting of the American Roentgen Ray Society, San Francisco, 
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admitted to S.M.H. with a chief complaint of 
bloody diarrhea for 3 weeks and pain in the 
right buttock for 5 days. She had been seen by 
her private physician the previous day. He 
had palpated a large rectal mass and had biop- 
sied it. During the night she became quite ill 
and noted that her right leg began to swell. On 
admission, she complained of increasing diffi- 
culty in using her right leg which was “now 
totally numb.” 

Physical examination on admission revealed 
the right thigh to be tense and twice the size of 
the left. Purple discoloration was present from 
the groin to the knee. The thigh was covered 
with blisters containing amber colored exudate. 
Her temperature was 104°, the white blood cell 
count was 13,900 with a shift to the left. Roent- 
genograms showed interstitial and subcutane- 
ous emphysema in the right leg and presacral 
space (Fig. 2, 4-C). A sigmoid colostomy and 
fasciotomy of the right anterior thigh were per- 
formed as emergency procedures but the pa- 
tient expired 8 hours after operation. 

Autopsy revealed a large tumor of the rectum 
which had extended into the obturator foramen 
and had perforated. A culture of the content of 
one of the blisters grew Clostridium perfringens. 


Case 111. This 92 year old white female had a 
2 week history of nausea and abdominal disten- 
tion. On the day of admission to S.M.H. the 
patient noted “swelling” of the right side of 
her body from the neck to the hip. 

Physical examination revealed extensive sub- 
cutaneous emphysema on the right side of her 
body. The rectal temperature was 101°. Abdom- 
inal roentgenograms revealed air in the re- 
troperitoneal tissues and along the right lat- 
eral abdominal wall (Fig. 3, 7 and B). Chest 
roentgenograms revealed subcutaneous emphy- 
sema along the right chest wall. A barium 
enema examination revealed an obstructing 
lesion of the splenic flexure. Operation revealed 
an adenocarcinoma of the splenic flexure and 
a perforation at the hepatic flexure. 


Case 1v. This 64 year old Black female was 
admitted to G.U.H. with a 3 day history of mild 
right lower quadrant pain. The patient recalled 
mid and lower abdominal pain 2 weeks prior 
to admission which had subsided spontaneously. 

Physical examination revealed a right lower 
quadrant mass which was tender and poster- 
iorly located. The white blood cell count was 
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Fic. 2. Case 1. (4) Massive subcutaneous emphy- 
sema was present in the presacral space. (B and 
C) Descent inferiorly is demonstrated (arrows). 
Autopsy revealed carcinoma of the rectum extend- 
ing into the obturator foramen. 


7,500 with a normal differential. Abdominal 
roentgenograms were thought to be compatible 
with a perforated viscus on the right with sub- 
cutaneous gas (Fig. 4). The diagnosis of an 
appendiceal abscess was made. At laparotomy, 
a large, partially organized, retroperitoneal 
abscess was found with myositis and gangrene® 
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Fic. 3. Case m1. There has been a perforation of the colon at the hepatic flexure secondary to an obstructing 
carcinoma at the splenic flexure. (4) Gas outlines the right kidney (open arrows) and right adrenal gland. 
Gaseous streaking above the psoas muscles is also seen (small closed arrows). Intra-mural gas is present 
in the colon (large arrows). (B) Subcutaneous gas in the abdominal wall dissects upwards. 


of the right rectus abdominis muscle and ne- 
crosis of the subcutaneous fat. 
The patient had a stormy postoperative 





Fic. 4. Case 1v. An intraperitoneal appendiceal ab- 
scess was present. This process extended anteriorly 
causing necrosis of the subcutaneous fat and right 
rectus abdominis muscle. 


course and expired on the sixteenth postoper- 
ative day. The autopsy showed right-sided 
peritonitis with adjacent panniculitis. This was 
thought to be secondary to a ruptured ap- 
pendix. An organizing subdiaphragmatic ab- 
scess was also found. The immediate cause of 
death was a massive pulmonary embolus. 


Case v. This 77 year old Black female was 
admitted to G.U.H. with a 3 week history of 
intermittent abdominal pain. Physical exam- 
ination revealed a left midabdominal mass. The 
patient was afebrile but the white blood cell 
count was 18,700 with a shift to the left. Ab- 
dominal roentgenograms revealed an abscess in 
the left abdominal wall (Fig. 5, 4 and B). A 
barium enema examination revealed evidence 
of diverticulitis. A diverting loop colostomy of 
the transverse colon was performed and the 
abscess in the anterior abdominal wall was 
drained. There was a perforation of the trans- 
versalis fascia. The patient did well postoper- 
atively and was discharged on the fifteenth 
postoperative day to be readmitted at a later 
date for definitive surgery. 


Case vi. This 60 year old Black female was 
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Fic. 5. Case v. (4) There is air in the subcutaneous tissues (arrow) representing an abscess secondary to a 
perforation caused by diverticulitis. (B) A surgically created fistula is present 10 days after surgery (arrow). 


admitted to G.U.H. with a chief complaint of 
draining pus from the lower abdominal wall. 
Two weeks prior to admission she had devel- 
oped left lower quadrant pain and had been 
treated for pyelonephritis. However, the pain 
continued and she noticed a “lump” in the left 
lower quadrant below a large umbilical hernia. 

Physical examination revealed a 3X4 cm. 
mass in the left lower quadrant which was sur- 
rounded by a large region of erythema and 
edema. A large umbilical hernia was present 
but this was not thought to be of clinical con- 
cern. An abdominal roentgenogram showed 
subcutaneous air in the anterior abdominal wall 
(Fig. 6). The white blood cell count was 20,000 
with a shift to the left. 

Incision and drainage of the abscess in the 
abdominal wall with debridement of necrotic 
subcutaneous tissue was performed followed by 
a loop colostomy of the ascending colon. 

She expired on the tenth postoperative day. 
At autopsy a fistula from the distal transverse 
colon to the anterior abdominal wall was 
found, thought to be secondary to diverticulitis. 


Case vit. This 89 year old white male was 
admitted to S.M.H. with a chief complaint of 
progressive abdominal distention. Physical 
examination revealed the abdomen to be dis- 
tended and diffusely tender to rebound. The 
bowel sounds were absent. An incarcerated 


right femoral hernia was thought to be present. 
The white blood cell count was 8,000 with a 
shift to the left. Abdominal roentgenograms 
revealed free peritoneal air as well as extra 
peritoneal air (Fig. 74). A pneumomedias- 
tinum with air in the left supraclavicular area 
and in both sides of the neck was present 


(Fig. 7B). 





Fic. 6. Case vı. Mottled densities in the anterio® 
abdominal wall reflect abscess formation; an um- 
bilical hernia is also present. 
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Fic. 7. Case vir. (4) The abdominal roentgenogram reveals free peritoneal air as well as air in the retro- 
peritoneal structures. Gas has also dissected into the falciform ligament (arrow). (B) A pneumomedias- 
tinum (small arrow) is present. Air is present in both sides of the neck and the left supraclavicular region 
(large arrow). Free air beneath the diaphragm is also seen. Autopsy revealed a perforated duodenal di- 


verticulum. 


The patient expired shortly after admission. 
Autopsy revealed a right femoral hernia with 
obstruction of the small bowel and perforation 
of a gangrenous duodenal diverticulum. This 
diverticulum was 2.5 cm. in diameter and arose 
from the upper lateral aspect of the descending 
duodenum. 


DISCUSSION 


A ruptured viscus may: (1) give rise to a 
localized abscess or peritoneal gas and 
fluid; (2) cause necrosis of adjacent tissue 
(Case Iv); (3) cause fistula formation 
(Cases v and vi) which may act as a safety 
valve mechanism (Case v); or (4) give rise 
to dissection of gas through soft tissue 
planes (Cases 1, 111 and vit). This dissection 
may be intramural within the bowel, in the 
immediate subcutaneous tissues, or through 
the interstitium of muscle. Dissection of 
gas is frequently accompanied by retro- 
peritoneal abscess. 

Subcutaneous emphysema may occur 
secondary to perforation of any part of the 
gastrointestinal tract. The perforation may 
be either intraperitoneal or extraperitoneal. 


Rupture of an extraperitoneal structure is 
the more readily explained. These struc- 
tures include portions of the duodenum and 
rectum, the posterior surfaces of the as- 
cending and descending colon and, at times, 
the appendix. In cadavers, air has been in- 
jected into the posterior peritoneum and 
presacral space.?? The former resulted in 
diffusion of the air into the anterior peri- 
toneal area; the latter resulted in sub- 
cutaneous emphysema of the lower ab- 
dominal wall, thighs, scrotum, and but- 
tocks. Common routes were: (1) along 
neurovascular bundles which penetrate the 
muscle and fascia of the abdominal wall; 
(2) through naturally occurring defects in 
the abdominal wall which occur at the 
inguinal rings; (3) inferiorly along the 
femoral vessels into the thigh and then up- 
ward along vessels over the inguinal liga- 
ments; and (4) inferiorly through the pelvic 
floor, along the rectum into the subcu- 
taneous tissues of the buttocks and thighs, 
and thence upward over the abdomen. 

Gas may dissect cephalad through the 
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diaphragmatic hiatus producing pneumo- 
mediastinum and cervical subcutaneous 
emphysema." 

Dissection of gas secondary to intrapert- 
toneal structures may occur through a 
surgical (Fig. 1) or necrotic rent in the 
peritoneum or through dissection into 
mesenteric attachments. In cases of perfo- 
ration of the sigmoid or ascending colon, 
entrance of gas into the lower extremities 1s 
thought to occur through the iliacus and 
psoas muscles. The iliacus muscle has its 
origin from the iliac crest in the greater 
portion of the iliac fossa. The psoas muscles 
have their origin from the last thoracic and 
all 5 lumbar vertebrae. The iliacus and 
psoas muscles unite in a common tendon 
which passes beneath the inguinal (Pou- 
part’s) ligament and inserts on the lesser 
trochanter of the femur. An abscess fre- 
quently overlies the ilio-psoas muscle in 
cases of subcutaneous emphysema of the 
leg.5.6 

It is believed that gas can dissect along 
mesenteric attachments. This has been 
postulated in cases of retroperitoneal air 
secondary to perforation of the sigmoid 
colon.? A more striking example of this 
concept has been provided by Padula!® in 
explaining subcutaneous emphysema in 
gastric or duodenal perforation. Hydrogen 
peroxide was injected into the subserosal 
tissues of the stomach and duodenum. 
There was subserosal diffusion of gas from 
the cardia via the phrenico-esophageal and 
aortic hiatus to the posterior mediastinum 
and soft tissues of the neck. 

There is considerable discussion in the 
literature concerning whether the gas in the 
subcutaneous tissues has its origin directly 
from the perforated organ or results from 
secondary infection. Citing pressure gradi- 
ents between the intestinal lumen and 
peritoneal cavity, Oetting eż al." postulated 
that the site of perforation and the pressure 
gradient were of major importance with 
infection only an ‘‘additional factor.” Cer- 
tainly the speed and extent to which an 
organ or a side of the body swells favors a 
peristaltic pump of gastrointestinal origin 
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in many cases. This is particularly true in 
cases of gastric and duodenal perforation.” 
However, because of the large number of 
gas forming organisms in the colon, infec- 
tion probably contributes significantly to 
the spread of gas through the soft tissues in 
cases where this organ is perforated. In our 
series clinical signs of infection were present 
in most cases. Abscesses were confirmed by 
surgery in many cases. The mottled den- 
sities and linear streakings are typical of 
retroperitoneal abscesses and were demon- 
strated in Cases 111 and 1v. Abscesses were 
proved present in Cases v and vi. Finally, 
infection by gas forming organisms in the 
retroperitoneal space can give rise to a full 
blown picture of subcutaneous emphysema 
without a perforated viscus.® 

Only rough correlation can be drawn be- 
tween the site of perforation and the site of 
first appearance of subcutaneous emphy- 
sema. Emphysema of the abdominal wall 
tends to be secondary to a perforation of 
the large or small bowel. Supraclavicular 
emphysema is frequent in gastroduodenal 
perforation. Including Case 11, there have 
been 20 reported cases of subcutaneous 
emphysema following perforation in the 
literature.42 Three cases involve the ap- 
pendix, 16 cases the colon, and I case was 
secondary to a toothpick perforating the 
terminal ileum. 

This unusual presentation appears to oc- 
cur predominantly in the elderly. The 
average age in our series is 70 years. More 
subtle symptomatology in this age group 
apparently accounts for this insidious 
presentation with far advanced disease at 
the time of presentation. This has been par- 
ticularly well documented in appendi- 
citis.2:7"*4 In individuals over 60 years perfo- 
ration of the appendix with localized or 
generalized peritonitis was found in 70 per 
cent as compared to 20 per cent in all age 
groups.” 


DIFFERENTIAL DIAGNOSIS 


Gastrointestinal perforation: Pneumome- 
diastinum and dissection of air into the soft 
° s 
tissues of the neck are well known as roent- 
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genographic signs of perforation of the 
esophagus. Excluding this entity, Oetting 
and co-worker’s” survey of the world 
literature revealed the most common cause 
of subcutaneous emphysema to be the re- 
sult of perforation of the colon or appendix 
(55 per cent). Perforated gastric ulcer was 
second most common(20 per cent). 

Thoracic: Subcutaneous emphysema of 
the chest wall is frequently seen with inser- 
tion of a chest tube. It has been reported 
as a frequent complication of tracheos- 
tomy.” Deep cervical emphysema fre- 
quently presents as an early sign of bron- 
chial or tracheal rupture.’ 

Retroperitoneal abscess: The divisions of 
the retroperitoneal space have been exten- 
sively reviewed.! Communication between 
the divisions exists. Any retroperitoneal 
abscess containing gas forming organisms is 
potentially capable of causing subcutaneous 
emphysema. Frequent gas producing or- 
ganisms include Escherichia coli, Aerobacter 
aerogenes, Klebsiella pneumoniae, Bacter- 
oides and anaerobic Streptococci. Causes of 
retroperitoneal abscesses have been re- 
viewed elsewhere.” Two cases of renal 
abscesses in diabetic patients have been re- 
ported to give subcutaneous emphysema in 
the tissues of the chest and abdominal 
wall.§ 

Soft tissue infection: Air in the soft tissues 
of the leg immediately suggests infection by 
Clostridium perfringens (gas gangrene). In- 
fection by this organism usually occurs in a 
traumatized extremity with necrosis of soft 
tissue acting as a seat for infection. If this 
clinical history is lacking, other causes 
which we have mentioned should be re- 
viewed. Infection in soft tissues of the leg 
by other gas forming organisms can cause 
such subcutaneous emphysema*:!! and this 
is frequent in diabetics. 

Postsurgical: With a rent in the perito- 
neum, subcutaneous emphysema can occur 
postsurgically without a perforated vis- 
cus.!519 [n 1 case this was attributed to in- 
creased peritoneal pressure secondary to 
hjccups. This entity usually resolves spon- 
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taneously in several days. 
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A FEASIBILITY STUDY FOR PERCUTANEOUS 

RETROPERITONEAL LYMPH NODE BIOPSY* 

By S. WALLACE, M.D.,¢ P. E. SCHWARTZ, M.D.,t J. H. ANDERSON, Pu.D.,4 
C. GIANTURCO, M.D.,ł M. A. LUNA, M.D.,§ and J. P. SMITH, M.D.4 


HOUSTON, TEXAS 


ABSTRACT: 


A percutaneous technique for the biopsy of retroperitoneal lymph nodes was 
studied in animals and cadavers. Access to the retroperitoneal space from the groin 
to the diaphragm has been achieved, and satisfactory biopsies of iliac and lumbar 
lymph nodes opacified by pedal lymphangiography have been obtained. Further in- 
vestigations, however, are needed to improve the technique and to minimize the 
potential hazards associated with this procedure. 


VALUATION of the iliac and lumbar 
lymph nodes is essential in determining 
the extent of involvement of certain neo- 
plastic diseases. Laparotomy and lymph 
node biopsy in conjunction with lymphan- 
giography are employed in pretreatment 
staging,!4 
A percutaneous method for retroperi- 
toneal lymph node biopsy has considerable 
potential as long as the technique is readily 
accomplished without undue morbidity. 
Percutaneous lymph node biopsies have 
been performed in the mediastinum by 
Nordenstrom? and in the pelvis by Rutti- 
mann.° A percutaneous approach for biopsy 
of pelvic and para-aortic lymph nodes is 
presented. 


MATERIAL AND METHOD 


Bilateral pedal lymphangiography was 
performed in the usual manner in 15 
anesthetized dogs and in 3 human cadavers. 
In dogs a few large lymph nodes are opaci- 
fied at the level of the aortic bifurcation but 
few, if any, in the lumbar area. 

Lymphangiography in the human ca- 
davers was undertaken as soon after death 
as possible since clotting of the lymph 
would impede the progress of injection of 
the contrast material. The technique was 
that employed in living patients except for 
the use of a larger volume of contrast ma- 


terial. Intradermal injection in the dorsum 
of the feet of a particulate dye (Patent Blue 
V, Alphazurine 2G, etc.) allowed visualiza- 
tion of the subcutaneous lymphatics. Dis- 
section and cannulation of the lymphatics 
and injection of approximately 20 cc. of 
Ethiodol into each lower extremity opaci- 
fied the inguinal, iliac, and lumbar lymph 
nodes and the thoracic duct. 

The retroperitoneal lymph nodes were 
still opacified in another cadaver with 
adenocarcinoma of the endocervix who had 
been examined by lymphangiography 1 
month ante mortem and was found to have 
extensive retroperitoneal lymph node me- 
tastases. 


TECHNIQUE FOR BIOPSY 
(Fig. 1, A-E) 


A small incision, 1 cm. in length, was 
made in the skin at the crease in the groin 
over the femoral artery. A tract was created 
with a tapered, slightly curved, Teflon 
sheathed, metallic introducer dissecting un- 
der the inguinal ligament along the femoral 
and iliac vessels into the pelvis. The posi- 
tion of the tract in the perivascular space 
and therefore in the retroperitoneal space 
was verified under fluoroscopic control by a 
side-to-side motion of the introducer which 
displaced the lymphatics and lymph nodes 
which accompany the iliac artery and vein. 


* From the Departments of Diagnostic Radiology, + Gynecology, and Pathology,§ The University of Texas System Cancer Center, 
M. D. Anderson Hospital and Tumor Institute, Texas Medical Center, Houston, Texas. 
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Fic. 1. Instrumentation for percutaneous retroperitoneal biopsies. (4) Teflon sheath metallic introducer. 
(B) Teflon tubing which is passed through the Teflon sheath once the introducer is removed. (C) Probe 
with bullet-shaped tip which fits into the Teflon tubing. This probe-tubing combination is passed through 
the Teflon sheath when the metallic introducer is removed. (D) Biopsy forceps (modified fallopian tube 
transection forceps). (Æ) Biopsy forceps (modified bronchoscopic forceps). 


The metallic part of the introducer was re- 
moved, leaving the Teflon sheath in place 
to function as a tunnel into the retroperi- 
toneal space. Through this tunnel a Teflon 
sheathed gently curved probe equipped 
with a bullet shaped tip and central lumen 
was introduced into the perivascular space. 
Once the proper position of the probe was 
confirmed, the retroperitoneal space was 
insulated with gas (air, CO», or N:O) in- 
jected through the lumen of the probe 
which dissected the tissues. Under fluoro- 
scopic guidance, the probe was advanced 
gently through the ipsilateral retroperi- 
toneal space up to the diaphragm. 

The probe was then removed from the 
sheath and replaced with a biopsy forceps. 
A variety of forceps has been utilized in- 
cluding a gastroscopic biopsy forceps, a 
bronchoscopic biopsy forceps, and a forceps 
usually utilized for fallopian tube transec- 
tion. The latter 2 biopsy forceps have been 
modified by the addition of a 19 gauge re- 
tractable needle for aspiration (Fig. 2, 4 


and B). The needle, which was positioned 
below or between the jaws of the forceps, 
was advanced and used for aspiration im- 
mediately before the jaws were closed for 








Fic. 2. (4) Biopsy tip of forceps (Fig. 1£) with 
aspiration needle. (B) Biopsy tip of forceps (Fig. 
1D) with central aspiration needle. 
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Fic. 3. Biopsy technique—experimental animal (dog). (4) Opacified lymph nodes, postlymphangiogram. 


(B) Forceps in the process of retroperitoneal lymph node biopsy. (C) Post-biopsy changes in lymph node. 
(D) Lymph node biopsy specimen. The spaces are created by lymphangiography (X 50). 


procurement of the biopsy. This permits a 
check for the presence of a vascular struc- 
ture between the jaws thereby reducing the 
likelihood of trauma to vessels by the 
biopsy. Aspiration biopsy could also be 
accomplished with this needle arrangement. 
The bronchoscopic biopsy forceps was also 
modified for greater maneuverability by 
curving the distal end approximately 15 
degrees. 

Under fluoroscopic guidance the forceps 
was brought in contact with the opacified 
lymph node. The mouth of the forceps was 
opened and used as a dissecting instrument 
to free the lymph node of the surrounding 
tissue. The lymph node was moved in 
various directions to insure nodal contact. 
Lateral motion usually displaced the lymph 
node away from the adjacent blood vessels. 
The lymph node to be biopsied was then 
positioned between the jaws of the forceps 
and the needle advanced for aspiration. In 
the absence of aspirated blood the jaws 
were closed around the needle resulting in 
biopsy (Fig. 3, 4D). The instrument was 
then withdrawn to retrieve the tissue leav- 
ing the Teflon sheath in place. If additional 
biopsy material was required the forceps 
was reinserted. 

The animals were sacrificed at varying in- 
tervals, from immediately after to 11 weeks 
following the biopsy. The biopsy speci- 
mens were evaluated histologically and the 


site of the biopsy was examined grossly for 
local trauma. The cadavers were autopsied 
after biopsy to determine the position of the 
probe and the extent of damage. 


RESULTS 


In the 8 animals sacrificed immediately 
after biopsy the probe or forceps inserted 
in the inguinal area was found in the retro- 
peritoneal space. Perforation of the poste- 
rior peritoneum was seen in 6 animals. This 
perforation usually occurred at the level of 
the renal pedicle. Perforation of major pel- 
vic vessels occurred in 3 animals, 2 involv- 
ing arteries, I involving veins. Perforation 
of major vessels was immediately evident 
as blood appeared in the Teflon sheath. In 
the other animals small hematomas of 1 to 
2 cc. in size were seen at the sites of biopsy. 

In the 7 animals sacrificed at varying in- 
tervals from a few days to 11 weeks follow- 
ing biopsy, no significant abnormalities 
were found. Ecchymoses were noted at the 
sites of biopsy. No obvious retroperitoneal 
hemorrhage was seen. 

Postmortem examinations of the 4 human 
cadavers revealed the probe and forceps in 
the retroperitoneal space. No significant in- 
juries were seen which could be attributed 
to the biopsy procedure (Fig. 4, 4-C; and 
55 A-C). 

The size of the biopsy specimens varied 
up to § mm. in diameter and was quite 
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Fic. 4. “Biopsy technique—postmortem lymphangiography. (4) Lymphatics and cour nodes opacified by 


postmortem lymphangiography. (B) Lymph node biopsy of a common iliac lymph node 


e. Arrow shows ex- 


travasation of the contrast material during biopsy. (C) Biopsy specimen depicting changes due to post- 
mortem lymphangiography. Note the absence of lipogranulomas (X90). 


adequate for histologic examinations (Fig. 
3D; 4C; and 5C). One biopsy contained a 
portion of a nerve. Lymph node tissue was 
secured in all subjects. 


DISCUSSION 


A thorough assessment of the extent of 


neoplastic disease is prerequisite to the in- 
telligent management of any patient with 
cancer. Any technique which contributes to 
the accuracy of this evaluation is justifiable 
as long as the results warrant the risks and 
expenses. 

Selective lymphadenectomy in conjunc- 
tion with lymphangiography for staging 
prior to therapy has found increasing ap- 
plication. At present at M. D. Anderson 
Hospital pretreatment lymphadenectomy 
is performed in the management of patients 
with Hodgkin’s disease and with carcinoma 
of the cervix. Lymphangiography is also 
important in the pretreatment staging of 
patients with carcinomas of the testicle, of 
the bladder, and of the prostate. If a per- 
cutaneous approach to the retroperitoneal 
and pelvic lymph nodes could be accom- 
plished with a minimum of complications 
it would enable, by a simpler technique, 


confirmation of the extent of tumor spread, 
therebv obviating the need for exploratory 
laparotomy. The described technique would 
also reduce the time from histologic diag- 
nosis to the initiation of therapy. As in all 
other lvmph node biopsy procedures, in- 
cluding exploratory laparotomy, not all 
lymph nodes will be within the grasp of the 
biopsy forceps. Of course, a negative biopsy 
does not exclude the presence of disease. 

This percutaneous approach involves the 
passage of blunt instruments and a biopsy 
forceps through the retroperitoneal space. 
The potential complications include: (1) in- 
advertent biopsy of non-nodal tissue, ż.e., 
blood vessels, nerves, ureters and muscle; 
(2) penetration or perforation of viscera 
and the peritoneum; (3) infections; and 
(4) seeding of neoplastic cells. Trauma to 
blood vessels, nerves, and the ureter is by 
far the most serious of the possible com- 
plications. Of the more than 100 specimens 
obtained, 2 biopsies were taken of arteries 
and 1 of a vein. Subsequently the biopsy 
forceps was modified with a retractable 
needle for aspiration. 

The viscera in the retroperitoneal region 
in all the animals and in 3 human cadavefs 
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Fic. 5. Biopsy technique—postmortem in a patient with adenocarcinoma of the endocervix examined during 
life by lymphangiography. (4) A probe placed in retroperitoneal space. Note the air dissecting the retro- 
peritoneal space (arrows). (B) Biopsy of retroperitoneal lymph node. (C) Biopsy specimen—metastatic 


adenocarcinoma (X90). 


studied were freely movable and not bound 
down by infiltrating neoplasm or chronic 
inflammation; such fixation at times does 
occur. In the cadaver of the patient with 
adenocarcinoma of the endocervix, explora- 
tory laparotomy and lymph node biopsy 
had been performed prior to the percuta- 
neous procedure. At autopsy hydronephrosis 
was also present. No obvious damage was 
inflicted by the percutaneous approach. In 
an effort to minimize trauma to the urinary 
system, pyelography would be advisable at 
the time of biopsy. 

Perforation of the peritoneum was seen 
in 6 animals but not in the cadavers. In 
ltumans the retroperitoneal space is po- 


tentially large and allows relatively easy 
access up to the diaphragm. Perforation of 
the peritoneum is of little significance, for 
the peritoneum is traversed in transab- 
dominal retroperitoneal lymph node biopsy. 

One other potential complication is the 
seeding of malignant cells along the biopsy 
tract. This risk is present with all percu- 
taneous biopsy procedures. 

It is possible that percutaneous retro- 
peritoneal biopsy may be accomplished 
with preoperative analgesia and local anes- 
thesia in the groin at the site of entry. The 
retroperitoneal space is supposedly free of 
neural supply. If necessary, general anes- 
thesia may be employed. 
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Further refinement of this technique is ` 


obviously necessary. Biplane fluoroscopy 
would allow better localization of the opaci- 
fied lymph nodes and more security in the 
contact of the lymph node-with the biopsy 
forceps. Greater maneuverability of the 
_ probe and the biopsy forceps is desirable 
to gain easier access to more lymph-nodes. 
Considerable improvement is needed in the 
design of the biopsy forceps. The aspira- 
tion needle projecting between the jaws of 
the forceps has added safety and is cur- 
rently being used in the hope of avoiding 
vascular trauma. A more secure grasp of 
the lymph node to be biopsied would be of 
considerable assistance. In addition, retro- 
peritoneal endoscopy during biopsy is being 
explored employing a fiberscope. Thus far 
we find that the retroperitoneum is readily , 
visible but landmarks are difficult to 
identify. 


Sidney Wallace, M.D. 

Department of Diagnostic Radiology 

The University of Texas System Cancer Center 
M. D. Anderson Hospital and Tumor Institute 
Texas Medical Center 

Houston, Texas 77025 
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ELECTRONIC ANAL SPHINCTER STIMULATION IN 
BARIUM ENEMA EXAMINATION* 


A PRELIMINARY COMMUNICATION 


By BOGUSLAV H. FISCHER, M.D.,+ ELLIOTT R. BERANBAUM, M.D.,t 
JOSEPH ZAUSNER, M.D.,ł and GEORGE KING, M.E.§ 


NEW YORK, NEW YORK 


ABSTRACT: 


Electronic stimulation of the external anal sphincter muscle was successful in pre- 
venting premature evacuation of barium in 28 of 30 patients. All of them were unable 
on I or more occasions to retain the barium during previously attempted studies by 
conventional methods. None of the patients had an underlying neurologic problem 


affecting the anal sphincter. 
No adverse reactions were noted. 


T” prior and unrelated studies of patients 

who had fecal incontinence, a clearly 
visible contraction of the anal muscula- 
ture was observed during electronic stimu- 
lation of the external anal sphincter muscle. 
We thought a similar technique might be 
effective in the prevention of barium incon- 
tinence during colon examination in those 
patients who had previously failed to re- 
tain the contrast material using conven- 
tional catheters with or without air- 
insufflated balloons. 


MATERIAL AND METHOD 


An hour-glass shaped plug was equipped 
with a pair of electrodes. A tubular channel 
through the plug was fitted at the external 
end with a nozzle permitting a convenient 
connection to the barium container (Fig. 
1). A transverse bar prevented further 
penetration of the plug into the rectum as 
well as excessive movement of the plug 
during contraction of the musculature. 
Proper alignment of the plug within the 
anal canal was secured by 3 straps centered 
around the plug and attached to the body 
by means of adhesive: 1 in the sacral area 
and 1 in each groin. Thus a firm positioning 
of tie plug in the anal canal was secured 
regardless of the patient’s body movements 


or the maneuvers necessary to perform the 
barium enema examination. The electrodes 
were connected to a battery-operated stim- 
ulator generating a rectangular, bipolar 
current with an impulse duration of 1 milli- 
second at a constant frequency of 300 Hz. 

The voltage may be regulated from o to 
12.5 volts by means of a potentiometer. The 
patient is placed in the left decubitus posi- 
tion and the plug is inserted into the anal 
canal after applying a small amount of 
K-Y jelly. 

After the plug is secured by means of 
straps, the contraction response is checked 





Fic. 1. Presently used plug with horizontal limiting 
bar at the distal end. Circular arrangement of 
electrodes. 
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by slowly increasing the voltage. In the 
majority of cases 7 volts suffice to cause a 
strong and visible contraction of the ex- 
ternal sphincter muscle without pain. At 
times voltage had to be raised to 12.5 be- 
fore a contraction was visible. 

Pain in the anal area was the only factor 
limiting the amount of voltage. A tingling 
sensation in the anal area was perceived by 
practically all patients. When the patient’s 
maximal contraction threshold is estab- 
lished the plug is connected to the barium 
container and a routine examination of the 
colon is started. 

Leaks occurring during the examination 
were recorded with reference to the amount 
of the barium injected as well as the time 
at which they became evident. Each pa- 
tient had an anoscopic examination 24 
hours after the procedure in order to ob- 
serve any local reaction which could be at- 
tributed to the electronic stimulation. 

Cardiac rate and blood pressure were 
checked during the procedure. Patients on 
cardiac pacemakers were monitored with 
electrocardiography during the entire pro- 
cedure. 

Inability to fill the entire colon or prema- 
ture evacuation was regarded as a failure. 
Thirty patients were examined. Their ages 
ranged from 34 to 86 years with a median 
of 67.3 years. All patients had failed on 
previous attempts to retain the barium 
enema using a balloon-tipped catheter. 
None of the patients had a neurologic prob- 
lem affecting the sphincteric system. 


RESULTS 


In 28 patients visualization of the entire 
colon was achieved. A diagnosis of a sig- 
nificant abnormality was made in 4 cases. 
Minor leaks occurred in 13 patients, other- 
wise successfully examined. These leaks, 
usually in the amount of 100-200 ml. of 
contrast material, did not impair the qual- 
ity of the examination. Most of these leaks 
occurred at the end of the procedure. In 15 
cases not a single drop of barium was lost 
during the entire examination. Two pa- 
tients failed to retain the barium. The leak 
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occurred after visualization of the splenic 
flexure and was caused by a spasm of the 
descending and sigmoid colon. 

Follow-up anoscopic examination did not 
show any reaction which could be attrib- 
uted to the electronic stimulation. None of 
the patients had any signs of irritation or 
burns of the mucous membrane lining the 
anal canal. Two patients had a cardiac 
pacemaker, 1 external and 1 internal. Con- 
tinuous electrocardiographic monitoring 
during the procedure did not show any ab- 
normalities in cardiac rhythm. None of the 
patients showed any significant change in 
cardiac rate or blood pressure. 


DISCUSSION 


One of the remarkable features of the ex- 
ternal anal sphincter muscle is its contract- 
ibility when in a state of apparent flabbiness 
and lack of tonus. Full advantage of this 
phenomenon was taken by Caldwell! who 
was able to restore fecal continence by 
means of electronic stimulation applied by 
implanted electrodes; and later by Hopkin- 
son® and Fischer and von der Moselt who 
produced the stimulation by means of an 
inserted anal plug. The strong contraction 
observed during the anal stimulation led to 
the speculation that a similar technique 
might be used effectively in the barium 
enema examination of those patients who 
for various reasons were unable to retain 
the contrast material. 

Vodovnik eż al. showed that currents 
with frequencies higher than 100 Hz were 
well tolerated. Pain was diminished to ab- 
sent with a frequency higher than 500 Hz. 
Since pain in the anal canal was the only 
side effect when the voltage was increased 
above a certain limit (7 volts in this study), 
a frequency of 300 Hz with an impulse 
duration of 1 millisecond was selected. 
Harvey and Robertson® employed from g to 
14 volts without untoward reaction, and 
Clark? used a fixed voltage of 10. In 15 pa- 
tients examined in this study the maximal 
voltage did not exceed 7 volts since experi- 
ence had shown that higher voltages caused 
pain. One possible explanation for this di$- 
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Fic. 2. Initial stage of barium enema examination. 
Marked contraction extends beyond the anal 
canal; none of the contrast medium is in the ano- 
rectal junction. 


crepancy was the different frequency of the 
stimulating current—2o0 and 50 Hz used by 
Clark? and Harvey and Robertson,’ respec- 
tively, compared to 300 Hz used in this 
study. Another possible explanation lies in 
the power output of the stimulators when 
under load. These authors do not report the 
voltage measured during actual stimula- 
tion, 7.e., when the circuit was closed and 
under load. Observations during our study 
clearly indicate that the stimulation does 
not involve the anal sphincter muscle alone: 
rather, the entire pelvic floor seemed to be 
affected, possibly including the pubo-rectal 
muscle. Only this could explain the tre- 
mendous holding power of the anal muscu- 
lature, thus preventing a leak or an expul- 
gion of the plug despite maximal distention 
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of the rectum with barium. 

Figure 2 illustrates the initial phase of 
barium enema injection. The degree of 
spasm is sufficient to produce the gap in the 
barium column at the ano-rectal junction. 
Figure 3 shows the late stage of barium 
enema examination when the rectum is 
fully distended, yet the electronic plug is 
firmly in place. No leak is visible. 

In 13 patients minor leaks occurred at 
the end-stage of the examination, probably 
due to sphincter muscle fatigue. The ex- 
ternal anal sphincter muscle consists chiefly 
of T-units with a frequency of 3-4 Herz 
when in normal tonic state lasting for in- 
definite periods.’ The sphincter is subject to 
fatigue if forced to a smooth tetanic con- 
traction lasting longer than 10-15 minutes. 
Temporary relaxation invariably follows. 

The majority of patients was in the older 





Fic. 3. End stage of barium enema examination. 
Note firm grip around the electronic plug with no 
leak despite maximal distention of the rectum. 
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age group. Only 5 patients were younger 
than so years. Using Ferrucci’s classifica- 
tion,’ it can be assumed that those patients 
presented a functional inability to retain 
the barium enema, since none of them had 
a known neurologic problem affecting the 
sphincter. It is also interesting to note that 
many of the patients were extremely ema- 
ciated and weak. The procedure was well 
tolerated by all patients. 

Clinical studies using currents of various 
frequencies and impulse duration are in 
progress in order to delineate the optimal 
range combining the patient’s comfort and 
effective strength of the tetanic contraction. 
Electro-Catheter Corporation from Rah- 
way, New Jersey supplied the generator as 
well as the electronic plugs. 
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NON-CONTRACTILE MOVEMENT OF TANTALUM 
POWDER IN THE CANINE RECTUM* 


By ALEXANDER R. MARGULIS, M.D., JAMES A. STOUGHTON, R.T., 
and LAWRENCE A. STEIN, M.D. 


SAN FRANCISCO, CALIFORNIA 


ABSTRACT: 


Caudad movement of tantalum particles in the rectum was observed in § recum- 
bent anesthetized beagle bitches in the absence of muscular contractions as moni- 
tored by intrarectal balloons. The movement did not occur after injections of 
atropine or glucagon alone but did occur when a bisacody] suppository was in- 
troduced in addition to the injection of glucagon. Along with direct observations of 
rectal mucosa, this strongly suggests the role of mucus as a carrier of the particles. 


OLONIC motility has been studied for 

many decades with fluoroscopy using 
both open-tip and balloon catheters?! 
cineradiography,*8 and telemetric cap- 
sules." Several types of movement have 
been described in the colon.!:? The most 
Important appear to be segmental con- 
tractions, which cause mixing and churn- 
ing of fecal material, and mass movement, 
which results from decrease in segmental 
resistance before segmental contractions 
and can involve as much as one-third of 
the colon.§ Other types of movement are 
peristaltic waves, which occur less fre- 
quently than segmental contractions and 
are probably less important;" haustral 
shuttling; and type I rapid-frequency 
waves, which occur infrequently, last only 
about 5 seconds, and develop relatively low 
pressure. 

To our knowledge, there has been no 
documentation of movement of material 
along the colon wall without detectable 
muscular contractions. This report de- 
scribes caudad movement of tantalum 
powder insufHated into the rectums of re- 
cumbent anesthetized dogs in the absence 
of pressure changes in the rectum as moni- 
tored by balloons. 


MATERIAL AND METHOD 


In 5 spayed female beagle dogs, the rec- 
tums were marked with tantalum wires 


placed in rows at measured distances into 
the serosa during laparotomy. The dogs 
were anesthetized with sodium pentobarbi- 
tal (30 mg. per kg.) and placed on their 
sides. Initially, pressure measurements to 
monitor possible contractions were ob- 
tained with perfused open-tip catheters, 
but these were abandoned because of the 
possibility of partial plugging of the lumen 
by fecal material despite perfusion. The 
measurements reported here were obtained 
with balloons filled with 20 ml. of ṣo per 
cent Hypaque, one placed in the proximal 
and the other in the distal rectum of each 
dog. 

Studies were performed immediately af- 
ter intramuscular administration of: (1) 0.2 
mg. of atropine, which is known to inhibit 
motility and secretion of mucus; (2) 0.5 mg. 
of glucagon, which also inhibits motility and 
secretion of mucus; (3) 0.5 mg. of glucagon 
immediately followed by introduction of a 
bisacodyl suppository, which stimulates 
mucus secretion; and (4) no additional 
medication. For most studies, frontal and 
lateral roentgenograms were obtained at 5 
to 30 minute intervals over a period of 1 to 
4 hours. For others, only lateral views were 
taken, as these were more sensitive to 
changes in contour. The distances between 
tantalum particles and wires were measured 
only during periods when there were no 
contractions (Fig. 1, 4—-C; and 2). The films 


°* From the Department of Radiology, University of California, San Francisco, California. 
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on which measurements were made were 
superimposed to ascertain that there was 
no change in contour of the bowel and 
wires. Movement of the particles was ex- 
pressed in cm. per hour by adjusting the 
actual time to 1 hour. 


RESULTS 


No movement of tantalum particles was 
discerned after injection of atropine (Fig. 3, 
A and B), or glucagon (Fig. 4, and B): 
When a bisacodyl suppository was intro- 
duced at the beginning of a glucagon study, 
particles moved (Fig. 5, 4 and B). The 
particles moved the greatest distance when 
the dogs were under anesthesia without 
additional medication (Fig. 6, 4 and B; and 
Table 1). 

Movement of the tantalum particles in 
various areas of the rectum was not uni- 
form: in all dogs particles moved well in the 
proximal rectum but in the distal rectums 
of 2 dogs particles appeared inspissated and 
conglomerated and did not move at all. By 
the end of most of the glucagon-plus-sup- 
pository studies, when the rectal mucosa 
looked completely dry as the balloons were 
removed, the roentgenograms showed no 
movement of tantalum powder, although 
large quantities of mucus were observed in 
the rectum immediately after administra- 
tion of the bisacodyl suppository. 


DISCUSSION 


The mechanism of this non-contractile 
caudad movement of tantalum particles in 
the canine rectum is unknown. One possi- 
bility is that contractions of the muscularis 
mucosae move the particles. This is un- 
likely, however, because the movement de- 
scribed here occurred in the absence of 
Type I waves, which are believed to be due 
to contractions of the muscularis mucosae. 
Beating of the microvilli, which contain 
Actin, might be the true mechanism push- 
ing the particles towards the anus. This 
mechanism might be similar to the orad 
movement of particles in the bronchial 
tree, which is due to ciliary action moving 
a stratified mucus blanket, although cough- 
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Fic. 1. Pressure recordings from the 2 intrarectal 
balloons filled with 20 ml. of 50 per cent Hypaque 
in 3 different studies: (4) No evidence of change 
of pressure. Only breathing motion is recorded. 
(B) Moderate changes of pressure. (C) Major 
changes of pressure. Measurements of particles 
were made only when there were no changes of 
pressure (4). The shape of the balloons varied 
with position in the rectum. 


ing also plays a role. In our anesthetized 
dogs, there was no movement of tantalum 
particles unless mucus was secreted in the 
rectum. Mucus secretion was verified by 
observing the mucosa when the balloons 
were removed. This suggests that mucus 
carries the particles toward the anus. It is 
not clear, however, why mucus flowed onhy 
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ie: 2. Pressure recordings of upper and lower balloons showing minimal contractions of short duration. No 
measurements of particles were made even during these minimal changes of pressure. 


in an anal direction when the effect of grav- 
ity was eliminated. 

It is unknown whether this type of move- 
ment observed in beagle dogs also occurs 
in humans. If it does, it may be an im- 
portant physiologic mechanism for move- 
ment of the fecal contents in the resting 


state and may account for fecal movement . 
in diseases where there are no colonic mus- 
cular contractions. 


Alexander R. Margulis, M.D. 
Department of Radiology—380M 
University of California 

San Francisco, California 94143 
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NON-CONTRACTILE MOVEMENT OF TANTALUM PARTICLES IN COLONS OF ANESTHETIZED 
DOGS WITH AND WITHOUT ADDITIONAL MEDICATION 











Range of Particle Average Particle 
Experimental Conditions Number: of Movement Movement 
Studies 
(cm. per hour) (cm. per hour) 

Atropine (0.2 mg.) 6 0-0, 6* . re) 
Glucagon (0.5 mg.) 5 o o 
Glucagon (0.5 mg.) plus bisacodyl 

suppository 6 0.4~-5.2T 1.8 
No additional drugs 5 0.3-8.0 2.8 


* Movement observed in 1 dog only. 


° + Movement ended after first 30 to 45 minutes in all studies, except in one, where movement was scen between 60 and go minutes. 
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60 min 


atropine 





Fic. 3. Rectal roentgenograms in an anesthetized dog at (4) o and (B) 60 minutes after intramuscular injec- 
tion of 0.2 mg. of atropine. Top arrow at each of two levels irdicates tantalum particle; bottom arrow in- 
dicates tantalum marker. No movement of tantalum particles was observed. 
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Fic. 4. Rectal roentgenograms in an anesthetized dog at (4) 5 and (B) 60 minutes after intramuscular in- 
jection of 0.5 mg. of glucagon. Top arrows indicate tantalum particles; bottom arrows indicate tantalum 
markers. No movement of tantalum particles was observed. 


a 





Fic. 6. Rectal roentgenograms showing movement of tantalum particles in the interval between (4) 10 and 
(B) 30 minutes in an anesthetized dog with no additional medication. Top arrows indicate tantalum par- 
ticles; bottom arrows indicate tantalum markers. Both particles moved 0.6 cm. in 20 minutes, or 1.8 cm. 
per hour. 





ke 


Fic. 5. Rectal roentgenograms in an anesthetized dog at (4) 60 and (B) 90 minutes after intramuscular in- 
jection of 0.5 mg. of glucagon followed immediately by introduction of a bisacodyl suppository into the 
rectum. Top arrows indicate tantalum particles; bottom arrows indicate tantalum markers. Significant 
movement of particles was observed during this interval: 0.6, 0.2, and 0.8 cm. in 30 minutes, or 1.2, 0.4, 
and 1.6 cm. per hour. In later roentgenograms, no movement of tantalum particles was observed. 
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A NEW CONTRAST MEDIUM FOR CHOLANGIO- 
CHOLECYSTOGRAPHY: MEGLUMINE 
IODOXAMATE* 

By E. NICHOLAS SARGENT, M.D.,t ANDRE SCHULMAN, M.B., M.R.C.P., F.F.R.,1 
HARVEY I. MEYERS, M.D.,t RICHARD B. GUTLER, M.D.,t JOHN T. 


NICOLOFF, M.D.,t and LOUIS T. DiFAZIO, Pu.D.§ 
LOS ANGELES, CALIFORNIA 


ABSTRACT: 


A preliminary study of 18 patients following a single bolus intravenous injection 
of 10 to 30 cc. of meglumine iodoxamate (Cholovue), a new contrast medium for 
cholangio-cholecystography, showed no significant adverse clinical or laboratory 
effects with 10 and 20 cc., and only transient, minor changes with 30 cc. Early and 
persistent visualization of the subsegmental and major bile ducts and the gall- 
bladder was obtained. Good to excellent opacification was obtained in all cases with 
doses ranging between 0.11 cc./kg. (19.7 mg. iodine) to 0.59 cc./kg. (108 mg. iodine). 
Meglumine iodoxamate appears to be a highly effective agent for cholangio- 


cholecystography. 
EGLUMINE iodoxamate (Cholovuel]) 


is a new contrast medium for intra- 
venous cholangio-cholecystography. The 
compound is an original development of 
the Research Laboratories of Bracco Indus- 
tria Chimica of Milan, Italy and the 
Squibb Institute for Medical Research. 
Meglumine iodoxamate is characterized 
by a high molecular weight of 1,678.3 and a 
molecular iodine content of 45.5 per cent. 
The chemical composition is as follows: 


With alkaline metals and hydroxyalkyla- 
mines, the substance forms salts that are 
highly soluble in water, permitting the 
preparation of aqueous solutions with a 
high iodine content and with relatively low 
osmotic pressure. 

Preclinical evaluations of meglumine 
iodoxamate in mice, rats and dogs show it 
to possess lower acute toxicity and better 
biliary excretion than meglumine todipa- 


mide (Cholografin); thus, better tolerance 


Meglumine Iodoxamate 


i I$ 
XO 
NHCO-[CH:CH,0];-CH;-CH:-CONH 
I 


I 


| 
I - Bis[N-Methylglucamine] 


3, 3’-[(1, 16-Dioxo-4, 7, 10, 13-tetraoxahexadecane-1, 16-diyl)- 
diimino] bis [2, 4, 6-triiodobenzoic acid], 
bis[N-methylglucamine]salt 
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and biliary tract visualization are possible 
in humans. 

The purpose of the authors is to present 
their preliminary experience with 18 pa- 
tients. 


MATERIAL AND METHOD 


The subjects selected had no prior his- 
tory of cardiovascular, hepatic, hemato- 
poietic, renal, or metabolic disorders. All 
subjects with a history of asthma, allergy, 
or any hypertensive experience were ex- 
cluded from the study. No subject with a 
disease of the thyroid was allowed to par- 
ticipate. Specifically excluded from the 
study were subjects who had been treated 
with any contrast agents in the preceding 4 
weeks before the examination. The subjects 
were not permitted to consume any bar- 
biturates or chlorpromazine for 1 month, 
or salicylates for 1 week prior to the study. 

Included in the 18 subjects studied were 
16 asymptomatic, normal volunteers and 2 
patients who had failure of visualization of 
the gallbladder following a double-dose 
oral cholecystogram. There were 9 females 
and 9g males between the ages of 18 and 47 
years, with an average of 27.9 years. The 
body weights varied between 31.8 kg. and 
92.7 kg., with an average of 68.6 kg. The 
heights ranged from 133 cm. to Ig1 cm., 
with an average of 167 cm. The body sur- 
face areas ranged from 1.41 m? to 2.21 m?, 
with an average of 1.7 m?. 

No bowel preparation was used, but a 
low residue diet was given to each subject 
the day before the examination. The sub- 
jects were allowed to take nothing by 
mouth, with the exception of water, for ap- 
proximately 8 hours prior to the examina- 
tion. 

A 40 per cent w/v aqueous solution of 
meglumine iodoxamate containing 183 mg. 
of organically bound iodine per ml. was 
used for the intravenous bolus injection. 

The 18 subjects studied were divided into 
3 sub-groups: 6 of the subjects received 
10 cc. (1.83 gm. iodine); 6 received 20 cc. 
(3.66 gm. iodine); and 6 received 30 cc. 
(6. 50 gm. iodine), according to a random- 
ized allocation. 
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Each subject was given a test dose of 
I cc. of the contrast agent prior to the ac- 
tual study. After waiting 5 minutes to see 
that no adverse reaction occurred, the 
total dose required for the examination was 
injected intravenously. A narrow-bore hy- 
podermic needle was used to ensure a slow 
rate of injection of the single bolus, and the 
entire dose was injected steadily over a full 
10 minute period. 

Physical examinations were performed 
before the injection and were repeated at 
2, 24 and 120 hours after injection of the 
contrast agent. Pulse, blood pressure, re- 
spiratory rate, temperature, and an electro- 
cardiogram were obtained just prior to the 
administration of the contrast agent. The 
electrocardiogram was monitored during 
the entire procedure and repeated 24 and 
120 hours after the procedure. Vital signs 
were again obtained at the conclusion of 
the injection and at 30 minutes, 1 hour, 2 
hours, 4 hours, and 24 hours after the con- 
trast agent administration. All patients 
were observed throughout the examination 
for any untoward reactions, such as a feel- 
ing of warmth, flushing, nausea, and skin 
rashes. 

The following laboratory tests were per- 
formed just before the examination and at 
4, 8, 24, 48, and 120 hours after the intra- 
venous injection of the contrast agent: 
complete blood cell count, including difter- 
ential and platelet counts; serum uric acid; 
serum urea nitrogen; serum glutamic-oxalic 
transaminase; serum glutamic-pyruvic trans- 
aminase; serum alkaline phosphatase; di- 
rect serum bilirubin; total serum bilirubin; 
serum cholesterol; serum calcium; serum 
phosphorus; total serum protein; serum 
albumin; serum glucose; serum lactic de- 
hy drogenase: serum creatinine; serum cre- 
atine phosphokinase; serum cholinesterase; 
red blood cell cholinesterase and glucose-6 
phosphate dehydrogenase (pre-injection 
only); serum sodium; serum potassium; 
serum chloride; and serum carbon dioxide. 
Serum creatinine clearance was also mea- 
sured before and after the procedure. A 
complete urinalysis was also performed at 
these times. 
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Roentgenographic examinations were 
performed with the subject recumbent, the 
left side elevated, with the central beam in 
the anteroposterior projection, coned over 
the liver. Serial exposures were made at o 
time (at the end of the 10 minute injection 
period), and at 10, 20, 30, 40, 60, 90, 120, 
150, 180, and 240 minutes after the com- 
pletion of the injection. No tomography 
was used to enhance the visualization of the 
biliary tract. 

Opacification of the biliary tract on the 
roentgenograms was evaluated on a scale of 
o to 4 (grading the bile ducts and gall- 
bladder separately) as follows: o—no 
visualization; 1—poor (faint visualization); 
2—fair (visualization diagnostic but less 
than optimal quality); 3—good (visualiza- 
tion equal to previous acceptable clinical 
experience); and 4—excellent visualization 
(superior to previous clinical experience). 


RESULTS 


Table 1 demonstrates the dose related to 
body weight of the 18 subjects and the 
maximum grades of visualization of the bile 
ducts and the gallbladder, respectively, in 
each case. The results of this preliminary 
study showed good to excellent bile duct 
and gallbladder visualization in all subjects 
with all dose ranges. The doses ranged 
from o.11 cc./kg. (19.7 mg. iodine/kg.) 
to 0.59 cc./kg. (108 mg. iodine/kg.) with 
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an average of 0.30 cc./kg. (55.14 mg. 
iodine/kg.). 

Table 11 shows the dose related to timing 
and duration of good to excellent opacifica- 
tion (scores of 3 or 4). Good to excellent 
visualization of the bile ducts was noted as 
early as 10 minutes in 16 subjects (Fig. 1), 
and as early as 20 to 30 minutes in 2 sub- 
jects. In most cases the bile ducts were 
opacified immediately after the injection 
was completed (o time) (Fig. 2). Further- 
more, the subsegmental biliary radicles 
were clearly seen without tomography, 
during the early stages of the examination 
(Fig. 1; and 2), often visible for as long as I 
hour after the injection (Fig. 3). In fact, 
persistence of the good-to-excellent visual- 
ization was found up to 60 minutes in all 
subjects. 

The grading of the quality of visualiza- 
tion of the biliary tract was subjected to 
statistical analysis. Based on an over-all 
score (obtained by averaging over Io ob- 
servation points), a statistically significant 
(p<0.01) dose-response relationship was 
found for bile duct visualization, with bet- 
ter results obtained with increasing dose. 
However, this relationship was not con- 
sistent at all time points and, in fact, did 
not begin to appear until go minutes after 
administration of the contrast agent. Up to 
and including 1 hour, all 3 doses gave essen- 
tially identical good to excellent results. 
After 1 hour, the effects of the 10 cc. dose 


TABLE Í 


DOSE OF MEGLUMINE IODOXIMATE RELATED TO BODY WEIGHT 


Maximum Score 














Maximum Score Maximum Score 














Case Mg. 10 CC. Case Mg. 20 CC. Case Mg. 30 cc 
No. | ©/E8 | Bi/kg Gall- | No. | E | Brig. Gal: | No, OE] Bike: -——) Con 
Bile | bladder Bile | bladder Bile | bladder 
Ducts Ducts Ducts 
I 0.16 29.56 4 4 3 0.39 62.03 4 4 2 0.41 74.59 3 o* 
6 0.19 34.14 4 4 4 0.27 48.67 4 4 5 0.45 83.93 4 4 
7 0.16 29.47 4 4 9 0.27 49.26 4 4 8 0. 46 83.46 4 4 
10 O.II 19.74 4 4 II 0.27 50.20 4 4 13 0.39 70.47 4 4 
12 0.14 25.41 3 4 14 0.30 54.22 4 4 15 0.49 90.37 4 4 
16 0.15 27.89 4 4 18 0.28 52.14 4 4 17 0.59 107.96 4 4 
Aterage 0.15 27.70 3.83 4.0 0.30 52.75 4.0 4.0 0.47 84.98 3.83 4.0 


* Patient 2 had many small stones in gallbladder and a stone in cystic duct. Therefore, scoring for this patient was omitted from calculating average 


scores. 


Ranges 
0.11 cc./kg.—o.59 cc./kg. (Av. 0.30 cc. /kg.) 
19.74 mg. bound iodine (BI)/kg.—107.96 mg. bound iodine (BI) kg. (Av. 55.14 mg./kg.) 
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Maximum Time* of 
Opacification (min.) 
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TABLE I] 
DOSE OF MEGLUMINE IODOXIMATE RELATED TO MAXIMUM TIME OF OPACIFICATION 
: are ai ss | 
Maximum Time?® of | Maximum Time* of | 
Opacification (min.) Opacification (min.) 
Case No. 10 cc. Case No. 20 CC. | Case Ne. 
Gall- Gall- 
Bile bladder Bile bladder 
Ducts Ducts 
ee et [eee ee ed Set ern eres 
I 20-60 60-240 3 10-240 20-120 2 
6 10-60 20-240 4 10-150 30-240 5 
7 10-60 20-240 9 10-150 30-240 8 
10 10-60 40-240 II 10-120 30-240 13 
12 10-120 20-240 14 10-90 60-240 15 
16 10-60 30-240 | 18 10-60 10-240 17 








30 Ce. 
Gall- 

Bile bladder 
Ducts 
10-60 —- 
10-240 40-240 
10-150 20-240 
30-180 40-240 
10-240 120-240 
10-240 30-240 











* Scores of 3 or 4. 


dropped off sharply, those of the 20 cc. dose 
did less so, while the 30 cc. dose continued 
to produce good roentgenograms up to 23 


to 3 hours (Fig. 4). 


ic. 1. Excellent visualization of bile ducts and sub- 
segmental radicles (arrows) 10 minutes after the 


end of injection (20 cc.). 








Good-to-excellent gallbladder visualiza- 
tion was obtained in all 18 cases (except 1 
subject with an obstructed cystic duct). 


Good to excellent opacification appeared as 
early as 20 to 40 minutes in 15 subjects 


in 2 


(Fig. 5), and as early as 60 to 120 minutes 
subjects. Persistent good-to-excellent 
visualization was obtained up to 4 hours in 





Fic. 2. Good visualization of bile ducts (lower ar- 
rows) and subsegmental] radicles (upper arrows) 
without the use of tomography, seen immediately 


after the end of an injection, o time (10 cc.). 
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16 subjects (Fig. 6) and 2 hours in 1 subject. 
Statistical analysis of gallbladder visualiza- 
tion showed no dose-response relationships 
either over-all or at individual time points. 
(Case 2, in the 30 cc. group, had no filling 
of the gallbladder because of a stone in the 
cystic duct and was omitted from the sta- 
tistical evaluation.) 

In the higher dose ranges (30 cc.) excre- 
tion of the contrast agent by the kidneys 
was readily visible immediately after the 
end of the injection, reaching a maximum 
in 10 minutes and beginning to fade away 
after 20 minutes (Fig. 7, 4-C). 

Meglumine iodoxamate 40 per cent solu- 
tion, in doses ranging from Io to 30 cc., ap- 
pears to be a well-tolerated preparation for 
use in intravenous cholangio-cholecystog- 
raphy. There were no significant changes in 
the physical examinations and vital signs 
at the Io and 20 cc. dose levels, and only 
minor, transient changes at 30 cc. Three of 
the 18 participants experienced adverse 
effects, none of which was clinically signifi- 





Fic. 3. Excellent visualization of bile ducts, subseg- 
mental radicles (arrows) and gallbladder 1 hour 
after the end of injection (20 cc.). 
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Fic. 4. P-olonged visualization of bile ducts including 
segmencal radicles 3 hours after injection (30 cc.). 


cant. These included 1 case of mild nausea 
when a 6 minute injection time instead of 
IO was employed; 1 case with mild, self- 
limiting facial urticaria; and 1 case of mild 
transier.t pain in the arm above the injec- 
tion site. 

There were few significant alterations of 
the laboratory findings. The only findings 
which might be attributable to the contrast 
agent were minimal elevations of total 
serum bilirubin 4 and 8 hours postinjection 
in I subject, minor elevations in lactic 
dehydrogenase activity in 2 subjects who 
recelvec a 30 cc. dose, and minor elevations 
of crea-inine phosphokinase activity in I 
subject who received a 20 cc. dose. These 
changes were generally transient in nature, 
therefore it is difficult to assign any clinical 
significence to these data. However, it was 
apparer.t that fewer changes in laboratory 
values were encountered with the lower 
doses (0 and 20 cc.). 


DISCUSSION 


The slow, intravenous injection of 10-30 


Fic. 5. Excellent visualization of gallbladder as early 
as 20 minutes after the injection (20 cc.). 


cc. of meglumine iodoxamate over a IO 
minute period was not associated with any 
significant adverse effects. There were no 
significant renal, hepatic, myocardial or 
hematopoietic changes. All doses of meglu- 
mine iodoxamate were well tolerated and 
only 3 subjects experienced mild adverse 
effects. No severe reactions were en- 
countered. The adverse effects were those 
which are frequently experienced in intra- 
venous cholangiography. 

The new contrast medium, meglumine 
iodoxamate, which was used in this study, 
is formulated in a 40 per cent w/v solution 
and contains 183 mg. bound iodine/cc. 
Meglumine iodipamide (Cholografin), the 
most commonly used intravenous contrast 
medium for cholangio-cholecystography, as 
presently formulated in a 52 per cent w/v 
solution, contains 260 mg. bound todine/cc. 

The acute intravenous toxicity of the 
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new compound is considerably lower than 
that of iodipamide in all animal species in- 
vestigated. The MLD 50 in mice for meglu- 
mine iodoxamate is 5,580+160 mg. free 
acid/kg., and the MLD 50 of meglumine 
1odipamide is 2,700 +120 mg. free acid/kg.; 
i.e., the former is about one-half as toxic as 
the latter.* 

The new compound is excreted princi- 
pally in the bile, and studies in the dog 
showed a maximum biliary transport value 
twice that of iodipamide. Preliminary 
studies of meglumine iodoxamate in dogs 
showed that it is not metabolized to any 
significant extent when given either as a 
rapid intravenous injection or as a drip in- 
fusion. Most of the contrast medium (about 
92 per cent), administered by either meth- 
od, 1s excreted in the bile and urine as un- 
changed compound. The isolation and 
identification of trace amounts of metabo- 
lites possibly present in the urine has not 
yet been attempted.* 

Meglumine iodoxamate appears to be a 


* Squibb Research Investigators Brochure for SQ 21, 982. 





Fic. 6. Excellent visualization of gallbladder 4 hours 
after injection (20 cc.). Persistent visualization of 
bile ducts. 
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Fic. 7. (4) Thirty cc. injection. Contrast me- 
dium in urinary tract (long arrows) at end of 
10 minute injection time (o minutes). Good 
visualization of bile ducts (short arrows). 
(B) Increasing opacification of urinary tract 
10 minutes after the end of injection (long 
arrows). Excellent visualization of bile ducts 
(short arrows). (C) Decreasing opacification 
of urinary tract (long arrows) 20 minutes after 
the end of injection. Persistent excellent 
visualization of bile duct (short arrows). 


highly effective contrast agent for cholan- 
gio-cholecystography. Roentgenographic 
visualization of the major and subsegmen- 
tal bile ducts and gallbladder is excellent for 
all 3 doses: 10, 20 or 30 cc. A more pro- 
longed visualization of the bile ducts is 
achieved with the 20 and 30 cc. doses. For 
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visualization of the gallbladder, no time- 
dose relationship was apparent, with all 
doses yielding excellent results up to 4 
hours. With the 30 cc. dose, a pyelogram 
was observed in most subjects suggesting 
that the maximum rate of biliary excretion 
had been exceeded; thus excess contrast’ 
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agent was undergoing urinary excretion. 
This phenomenon is commonly seen during 
high dose cholangiography with meglumine 
iodipamide. 

On the basis of this study, 20 cc. of the 
40 per cent solution of meglumine iodoxa- 
mate, equivalent to 3.66 gm. of iodine, will 
be the recommended dose. It is further 
recommended that the roentgenologic ex- 
amination of the bile ducts be made 10-60 
minutes after injection of the contrast 
agent, and that the gallbladder be examined 
30-240 minutes after injection. A doub'e 
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blind comparison of meglumine iodoxamate 
(Cholovue) and meglumine iodipamide 
(Cholografin) is now in progress. 


E. Nicholas Sargent, M.D. 
LAC-USC Medical Center 
1200 North State Street 

Los Angeles, California 90033 


The authors wish to thank Barbara 
Oliver for the preparation of this manu- 
script; Neal Duenas, Gloria Love and 
Hayano Yagi for their technical assistance; 
and Dr. Arthur Itkin for his statistical 
analysis. 
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ANGIOCARDIOGRAPHY WITH SMALL-SIZE 
RAPID CASSETTE CHANGER FILMS* 


By MARIO CORNALIT, M.D., GAETANO AZZOLINA, M.D., and SOFIA REDAELLI, M.D. 


MASSA, ITALY 


ABSTRACT: 


The disadvantages of small-size 10X10 cm. films in angiocardiography do not 
preclude correct diagnosis in a well equipped cardiac laboratory. On the contrary, 
the advantages are such as to recommend a more extensive use. In our department 
the method has been limited to pediatric patients, mainly because of excessive 
scattered radiation at high kVp. It is hopeful that improvement in recording and 
combination with image intensification will make the system available in the future 


for adult use. 


AN angiocardiographic examination can 
be performed according to various 
techniques each of which has its advantages 
and disadvantages. Full size roentgeno- 
grams have the most desirable definition, 
but are difficult to handle and relatively ex- 
pensive. Spot films are less expensive, more 
practical to handle but, at the present time, 
with the equipment generally available, are 
lacking in definition. Cine-films offer the 
advantage of a dynamic approach, but they 
require an extensive investment and, for 
publication purposes, have limited value. 
For patients weighing less than 25 Kg 
we have been using a system that utilizes 
small-size, 10X10 cm. films. This Rapid 
Cassette Changer method, based on photo- 
fluorography, has several advantages. 


TECHNIQUE 


The two recording cameras, for horizontal 
and vertical projections, are of the kind 
commercially available for mass chest sur- 
veys and are manufactured according to 
photofluoroscopic principles. The cameras 
allow 6 programs of 5 films each, at a speed 
of 6, 4, 2, 1, or 3 films per second. A spe- 
cially designed electronic device allows ex- 
posure of 1 film while another, in the other 
projection, is being moved in position. 
Roentgenographic events are recorded on 
10X10 cm. films which can be automatically 
processed. Fast processing, g0 second films 


* From the Department of Pediatric Cardiothoracic Surgery, Ospedale Generale Provinciale, 54100 Massa, Italy. 


are presently available. The power genera- 
tors have a capacity of 1200 mAs, 130 kVp 
and can be triggered alternatively for each 
direction. For a 10 Kg patient, 40 mAs and 
85 kVp, at a focus distance of 85 cm. with 
a 12:1 grid, are required. Catheterization 
is usually performed through a brachial 
vessel, the internal jugular vein, or the 
common carotid artery.! Injections are 
made with power pressure injectors. Studies 
are always made in anteroposterior and 
lateral projections. For right-sided injec- 
tion, 25 films in each projection are usually 
sufficient in our experience. In order to re- 
cord a small field-size and to avoid unneces- 
sary scattered radiation, the area to be re- 
corded is previously viewed on a monitor. 
The tube centering light must coincide 
with this area. Small pen-marks are printed 
on the skin at the light field edges. These 
marks are used, subsequently, as reference 
points, when the table top and tubes are 
moved in position over the cameras. This 
kind of centering is possible because the 
table top to image amplifier distance coin- 
cides with table top to camera grid dis- 
tance. Thus, no geometrical error is intro- 
duced by centering. Following exposure, 
the 10X10 cm. films are removed from the 
receiving magazine, loaded in a new maga- 
zine and automatically processed. An en- 
tire examination is available within 16 
minutes. 


259 


Cornali, Azzolina and Redaelli 


: e f3 i 
Ni aw a AE a, _— 
Se eo 


SEPTEMBER, 1975 





Fic. 1. An entire right and left heart examination can be displayed on a single view box. 


DISCUSSION 


In evaluating an angiocardiographic study, 
a complete view of all the films available is 
most desirable. This is, however, not pos- 
sible with full-size 24X30 cm. or 35X35 
cm. roentgenograms. On the other hand, 
10X10 cm. films make this feasible. The 
10X10 cm. films used for children by our 
group (a) are very easy to handle, (b) per- 
mit roentgenographically and diagnostically 
acceptable studies, (c) are quite economical 
(as compared to full size films and (d) are 
extremely convenient to file. 

A radiologist can view an entire right and 
left heart examination on a single view box 
o 


(Fig. 1). The time required for handling 
films is reduced to a minimum, a mean 
time of 45 seconds being required for dis- 
playing films as opposed to 20 seconds to 
take them down. Furthermore, given the 
facility with which films can be handled, 
the surgeon can be offered the unique op- 
portunity of having the entire study in the 
operating room. 

Definition, sharpness, and contrast, be- 
cause of minification and the use of an op- 
tical rather than an electronic system, are 
roentgenologically acceptable. Figure 2 
shows a 1:1 reproduction of 6 roentgeno- 
grams. With the aid of a magnifying lens, 
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Fic. 2. A 1:1 reproduction of 6 cases of congenital heart disease. With the aid of a magnifying 
lens minor details can be sufficiently evaluated. 
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even minor details can be sufficiently evalu- 
ated. A magnifying view box is also com- 
mercially available. Over 3,000 examina- 
tions have been performed since 1967 with 
this method. Since most of the patients 
have subsequently been operated upon, it 
can be confidently stated that good diag- 
nostic anatomic control has been obtained. 

The average cost of an examination with 
this method is less than 1/10 that of con- 
ventional roentgenography. Furthermore, 
the system being fully automated, an x-ray 


technician can load, unload, and process 50 


small-size films much faster than an equal 
number of 35X35 cm. films. This leaves 
him free for more practical, and useful 
work, 

© The space required for filing full-size 
films is considerable. With our method over 
3,000 examinations can be filed in order in 
3 small cabinets. The compactness of stor- 
age also reduces retrieval time and is of 
help to busy file-clerks. 

As compared to roentgenography, photo- 
fluorography has the following disadvan- 
tages. 

The resolution achieved by the presently 
available photofluorographic system is in- 
ferior to that achieved in roentgenography. 
The modulation transfer function for photo- 
fluorography is inferior to that offered by 
roentgenography. 2 Nonetheless, as our ex- 
perience proves, the system allows highly 
acceptable diagnostic opportunities. Since 
angiocardiographic examinations are corre- 
lated with oxygen saturation studies, elec- 
trocardiograms, phonocardiograms, and vec- 
torcardiograms, this disadvantage can be 
offset by these additional data. In our de- 
partment 70 mm. spot films and 16 mm. 
cine-films are also available. This allows us 
to switch to these methods when needed. 

Scattered radiation, if excessive, may be- 
come a serious problem for the diagnosti- 
cian. For patients weighing more than 25 
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Kg, our camera requires more than 100 
kVp in order to have sufficient penetration 
and to avoid excessive tube loads. This, of 
course, entails scattered radiation in an 
amount that may become roentgenographi- 
cally undesirable. Furthermore, the use of 
high kVp reduces contrast, increases lati- 
tude, and makes the film appear too “flat.” 
For these reasons we limit the use of the 
system to, patients weighing less than 25 
Kg. In addition, for the purpose of reduc- 
ing secondary radiation from the second 
tube, an electronic device triggers the 2 
x-ray tubes alternately. This circuitry per- 
mits exposure of 1 film while the other is 
being moved in position. 

In roentgenography'it is necessary to 
keep the radiation dose to a minimum. Our 
method requires a higher radiation dose 
than conventional roentgenography. For 
instance, at a focus-film distance of 85 cm. 
with a 12:1 grid, 40 mAs and 85 kVp are 
required for a. ro Kg patient. However, 
given the undisputed advantages of small- 
size films, a higher radiation dosage is not 
considered detrimental for congenital car- 
diac patients where thorough diagnosis is 
an essential feature. 


Mario Cornali, M.D. 
Cardiochirurgia 

Ospedale Generale Provinciale . 
54100 Massa, Italy 


The authors wish to thank Miss Anna 
Frezzato for her assistance in the prepara- 
tion of the manuscript. 
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UROGRAPHY, SHOCK REACTION AND 
REPEATED UROGRAPHY 


T unexpected and unforeseen moments 

\ an excretory urogram may be followed 

by profound hypotension, shock, and un- 
consciousness.7)# Such a result elicits an 
appropriate resuscitative effort, employing 
drugs such as epinephrine.? The period of 
hypotension and unconsciousness may vary, 
but the response of the examining physician 
and the resuscitated patient is predictable. 
The patient is frightened and unwilling to 
undergo the risk of a similar repeated ex- 
perience; and the physician, relieved that 
the patient did not die, is unwilling to risk 
the death of the patient in a subsequent 
examination, and advises the patient never 
to have a urogram again. When the pa- 
tient’s clinical situation subsequently indi- 
cates urographic evaluation, the physician 
called upon to execute the examination is 
thus faced with the decision of whether the 
risk can be satisfactorily undertaken or 
not. This Editorial is designed to provide a 
report of our experience with this problem. 
During the past five years (January, 
1970, through December, 1974) a modified 
point of view has been applied in the execu- 
tion of urograms in the Outpatient Depart- 
ment of the Cleveland Clinic. While the 
prior approach included premedication 
with an antihistamine, close questioning of 
allergies and previous experience with con- 
trast media, and’ an intravenous test dose, 
the current method is one of simply in- 
forming the patient that a urogram is to be 
performed, injecting the contrast medium 
straight away in a brisk and rapid fashion 
and completing the examination as indi- 
vidually indicated. If the patient raises 
questions these are discussed, but there is 
ho attempt to provide an informed consent 


“allergy, 


unless the patient requests it. No forms are 
completed nor signatures obtained. The in- 
jections are all made by two nurses who 
have been carefully selected and trained, 
and the examinations are carried out in a 
carpeted and pleasantly decorated area 
used exclusively for urography, with an 
ambience of calm, quiet, and friendly so- 
ciability. All is done to make the patients 
feel at ease, and the nurses and technicians 
avoid anxiety-causing words such as “dye,” 
” “reactions,” etc. During this 
period of time 21,198 outpatients have 
been examined. Experimental groups previ- 
ously reported are not included in these 
numbers,¥:4320 Sodium iothalamate has 
been used throughout as the contrast 
medium employing a dose of at least 5o 
milliliters with increasing volume according 
to body size and severity of renal failure. 
No drip infusions were used. All patients 
were adults, and all were prepared with a 
cathartic agent and dehydration from ap- 
proximately 6:00 p.m. of the day before the 
examination. They were examined at 
scheduled intervals during the day from 
8:00 A.M. to approximately 3:30 P.M. 
During the same time period there were 
four patients who were frightened about 
the examination and were not reassured. 
The examination was not performed on 
these patients and they represent the only 
group that was not examined. Two of the 
four patients had never had a urogram and 
were fearful of the examination, whereas 
the other two had had urticaria or nausea 
and vomiting. I believe that patients who 
cannot be reassured should not have urog- 
raphy and the patients should be able to 
assent to the examination willingly once 


264 


Vor. 125, No. 1 


their problems have been adequately dis- 
cussed. 

Observed reactions such as nausea and 
vomiting and urticaria have decreased pro- 
gressively over the five year period of time 
as greater experience with this anxiety re- 
ducing method was acquired; however, the 
total reactivity is summarized in Table 1. 

Included in this group were nine patients 
previously examined at other institutions 
whose urograms had resulted in shock and 
unconsciousness, varying in length from a 
few hours to three days, with total recov- 
ery. These expériences had occurred follow- 
ing the employment of sodium and methyl- 
glucamine iothalamate and sodium and 
methylglucamine diatrizoate and had oc- 
curred at intervals of seven months to four 
years prior to the subsequent urogram per- 
formed in our department. None of these 
patients experienced any reactivity of any 
type. 

The reactivity following our approach is 
slightly better than that described by Wit- 
ten, Ochsner or Ansell.1-1%4 It is perhaps 
impossible, in the current state of the art, 
to perform urograms on everyone without 
risking at least a minor reactivity. 

Very little treatment was involved in 
dealing with the reactions described in 
Table 1. The patients with thrombophle- 
bitis had the characteristic changes in the 
veins at the site of injection and these were 
followed by repeated visits to the Radiol- 
ogy Department and consultation in a few 
cases with the Department of Peripheral 
Vascular Diseases. All, I believe, are the 
result of the direct irritation of the intima 
of the vein by the contrast medium and all 
resolved slowly and completely. 

The three patients who experienced 
asthma were all dona fide asthmatics who 
recovered with small injections of epine- 
phrine. The three patients who experienced 
mild hypotension did not require medica- 
tion and regained a normotensive state 
within 20 minutes to two hours. I would 
describe these episodes as being syncopal 
attacks or vasovagal responses.” The one 
patient who was confused and hypotensive 
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TABLE | 
REACTIONS TO CONTRAST MEDIA 
Reaction Percent 
Urticaria I.I 
Nausea and emesis 3.6 
Asthma 0.014 
Mild hypotension 0,014 
Confusion and mild hypotension 0.005 
Thrombophiebitis 0.05 
No reactions '95 


had been given by error intravenous bena- 
dryl, so milligrams, immediately prior 
to the sodium iothalamate by a new resi- 
dent unfamiliar with our methods. This 
patient was elderly with a poor command of 
the English language. He spontaneously 
got up from the examining table and pro- 
ceeded to defecate on his way to the nearby 
bathroom. No treatment was given and he 
recovered shortly thereafter so that the 
examination could be satisfactorily com- 
pleted. The patients with nausea and vom- 
iting recetved no treatment and while some 
of them developed erythema of the face © 
and neck, in most instances the problem 
was confined to slight nausea which passed 
quickly and was dealt with by reassurance. 
The urticaria was usually mild and did not 
require treatment. During the period of 
five years reported here only 18 patients 
were given a small dose of parenteral hista- 
mine to ease the discomfort more rapidly 
than would spontaneous regression. One 
patient did experience conjunctivitis with 
the urticaria which was still present in 
mild form 24 hours later. Minor problems 
such as a metallic taste in the mouth and 
arm pain at the completion of the injection 
were not recorded.” 

Of great interest to us and forming the 
primary reason for reporting this exper- 
ience were the nine patients who had pre- 
viously been unconscious and hypotensive 
following previous urography. In every 
instance these patients raised questions 
and objections to the performance of this 
examination because of their earlier uro- 
gram. This was discussed with a physician” 
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who offered reassurance and indicated a 
willingness to perform the examination de- 
spite this previous problem if the patient 
was willing to have it. The patients were 
told that the contrast medium that we used 
was newer and legs capable of producing 
reactions and that we had no reason to fear 
that a similar reaction would occur on the 
current occasion. These patients had all 
had well documented episodes of severe hy- 
potension and unconsciousness and seven 
had also had a preceding negative intrave- 
nous test dose with two receiving no previous 
test dose.” There was no response of any 
kind identified in these patients following 
the injection of the contrast medium in our 
department. None of them received any 
premedication or test dose.” 

My purpose is to document in the med- 
ical literature that one can undertake re- 
peated urography in patients with severe 
reactions, even those that would appear 
life-threatening, without a repetition of the 
previous experience. This is not calculated 
to encourage a cavalier approach but 
would serve to demonstrate that in a clin- 
ically indicated situation one very severe 
reaction does not necessitate a recurrence.™ 
All of these nine patients were examined in 
separate institutions of varying character 
and it is difficult to categorize them. It does 
emerge that the only essential difference 
that could be determined is one of ap- 
proach, as in all of the previous examina- 
tions these patients had been questioned in 
varying degrees about reactivity to previ- 
ous urography, allergies and sensitivity to 
iodides or seafoods. 

Data have been accumulated which 
would indicate that patients can indeed be 
“frightened to death.’’71° One would wish 
to avoid this occurrerice in the performance 
of a diagnostic examination. It is my con- 
clusion, supported by evidence reported 
elsewhere, that the most significant aspect 
of undesirable reactions to urographic 
contrast media is fear. The contrast me- 
dium produces undeniable physiologic ef- 
fects, one of which is translatable as a sen- 
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sation of heat.!!:18 These have been and are 
being investigated.£15-" Perhaps one day 
there will be data that implicate an enzy- 
matic defect or other mechanism which 
causes these physiologic changes in a given 
person to be extreme and life-threaten- 
ing.+52 At present, however, I would sug- 
gest that the fearful patient responds to 
these physiological changes or indeed even 
to the needle penetration of the skin and 
vein in such a fashion as to produce shock, 
cardiac arrest and death.®° It is the fear, 
I believe, which leads to an unpredictable 
or apparently idiosyncratic reaction to the 
contrast medium. 

Recent reports have suggested that there 
is a remote possibility of “natural occurring 
antibodies” to urographic contrast media 
or that the contrast medium may interfere 
with the complement system.” If these 
recent hypotheses prove to be more useful 
than those reported in the past, perhaps 
these patients can be satisfactorily identi- 
fied and treated prior to urography. Until 
that. time, each of us must operate our de- 
partments and make decisions on a daily 
basis based on personal experience and 
conviction. 

It has been a well documented experi- 
ence that there is a higher incidence of fa- 
tality with urography beyond the age of 
go and it may be that the fear reaction 
combined with greater myocardial sus- 
ceptibility contributes to this result.1 We 
have examined the problem of electrocar- 
diographic changes in urography and have 
not detected any statistically significant 
changes when patients with a history of 
heart disease were compared with patients 
without a similar history.??° Advanced age 
had no effect, and while infusion urography 
produced more frequent changes, similar 
results could be produced when patients 
were infused with 5 percent dextrose and 
water, following the application of the 
tourniquet and the intravenous insertion of 
the needle. Electrocardiographic changes 
that we observed were deemed to be of no 
clinical significance and heart disease and 
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advanced age were not contradictory to 
urography.”® It has also been established 
that asthmatics represent a particular 
group wherein a higher incidence of reac- 


tion, namely asthmatic attack, is found ` 


following the injection of the urographic 
contrast medium.' It is possible that these 
patients and this higher incidence coincide 
due to a learned response to a stressful 
situation. 

What recommendation can one make? 
It would be my advice that a Radiology 
Department be willing to consider urog- 
raphy on any patient regardless of previous 
reactive history. If the examination is 
clinically indicated the patient should be 
prepared in the routine fashion but with 
no premedication such as steroids, anti- 
histamines, or other medication, as these 
have proved to be of no benefit. The 
Radiology Department should be prepared 
and equipped to deal with the most severe 


reactions, and the drug of choice that > 


should be readily at hand is epinephrine.” 
These preparations, however, should be 
covert and the patient should be offered 
reassurance and an atmosphere calculated 
to reduce anxiety. The examination should 
then be done in a routine fashion. The de- 
meanor and behavior of all personnel are, 
I believe, of enormous importance in the 
outcome of these examinations. While it 
may be difficult to think in terms of shock, 
severe reactions, and death occurring as a 
result of a fear reaction during urography, 
it is my approach to act in this fashion until 
someone has proved that there is a useful 
mechanism independent of the patient’s 
psyche which can be satisfactorily dealt 
with. 

ANTHONY F. Latur, M.D. 
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NEWS ITEMS 


RADIOLOGY AND NUCLEAR MEDICINE 


The George Washington University and 
the University of Utah Departments of 
Radiology will present a course, “Con- 
tinuing Education in Radiology Nuclear 
Medicine,” April 1 through 4, 1976. 

While a number of courses in nuclear 
medicine has been available, all have uti- 
lized the lecture format. As in our previous 
courses, this course will be conducted in 
seminar fashion. Nine 14-2 hour seminars 
will be given. Scheduled seminars will stress 
up-to-date aspects of radionuclide imaging 
of liver, spleen, bone marrow, bone, brain, 
thyroid and heart. Radionuclide imaging 
of the lung with radiographic and angio- 
graphic correlation will be included. Addi- 
tionally, a seminar session and lectures on 
computerized tomography will be included. 
These topics will be covered in small group 
sessions led by nationally recognized, ex- 
perienced leaders in the field. 

This course is approved for 20 hours of 
AMA Category I credit. 

For further information, please contact: 
David O. Davis, M.D., Department of 
Radiology, George Washington University 
Medical Center, gor 23rd Street, NW, 
Washington, D.C. 20037. (202) 331-2710. 


NEOPLASTIC DISEASE 


The Tenth Annual Seminar organized 
by the Mexican Society of Radiology, 
“Radiological Topics in Neoplasia,” will 
be held January 12-16, 1976 in Mexico 
City, Mexico. Sponsored by The Mexican 
Federation of Radiological Societies, Loy- 
ola University of Chicago, the Interameri- 
can College of Radiology, and the American 
College of Radiology, the Seminar will 
demonstrate advances and limitations of 
radiology in diagnosis of neoplastic disease 
and establish data that will permit a dif- 
ferential diagnosis. 

There will be simultaneous translation 
in English and Spanish. 


The program is approved for Category 1 
with 28 credit hours by The American 
Medical Association. 

For further information, please contact: 
Rogelio Moncada, M.D., Loyola Univer- 
sity Medical Center, 2160 South First 
Avenue, Maywood, Illinois 60153. (312) 


531-3928. 


RESPIRATORY DISEASE 


The American Thoracic Society, the 
medical section of the American Lung 
Association, invites submission of papers 
on all scientific aspects of respiratory dis- 
ease for presentation at the 1976 annual 
meeting in New Orleans, Louisiana, May 
16-19, 1976. Membership in the Society is 
not a prerequisite to participation on the 
program. 

Abstracts of papers should be submitted 
before January 6, 1976, to the Chairman of 
the Annual Meeting Committee. Abstracts 
of papers from investigators outside the 
United States will be welcome provided 
they are in English and are submitted with 
the understanding that all papers accepted 
must be presented clearly in English at the 
Annual Meeting. 

The required forms and instructions may 
be obtained by writing to: Marvin A. Sack- 
ner, M.D., Chairman, ATS Annual Meet- 
ing Committee, American Thoracic So- 
ciety, 1740 Broadway, New York, New 
York Icolg. 


ULTRASOUND AND NUCLEAR MEDICINE 


The first annual postgraduate seminar, 
Ultrasound and Nuclear Medicine, “Inter- 
related Roles in Medical Diagnosis,” will 
be held January 4~7, 1976 in Key Biscayne, 
Florida. This Seminar is sponsored by the 
Department of Radiology, Division of 
Nuclear Medicine at the University of 
Miami School of Medicine (at Jackson 
Memortal Hospital), Miami, Florida. 

For farther information about this Sem- 
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inar, please contact: Mrs. Lucy R. Kelley, 
Department of Radiology, Jackson Me- 
morial Hospital, Miami, Florida. - 


GENITOURINARY RADIOLOGY COURSE 


The Twelfth Annual Postgraduate Course 
in Radiology (G.U. Tract), sponsored by 
the Department of Radiology, Virginia 
Commonwealth University—Medical Col- 
lege of Virginia, will be held February 29- 
March 4, 1976, at the Williamsburg Con- 
ference Center in Williamsburg, Virginia. 

The current concepts in diagnostic radi- 
ology of the genitourinary tract will be re- 
viewed with emphasis on the applications 
of angiography, ultrasonography and nu- 
clear medicine. 
_ The program, open to all physicians in- 

terested in the subject, offers 20 hours of 
A.M.A. Category 1 accreditation. A certifi- 
cate of attendance will be awarded to regis- 
trants. 

For further information, please contact: 
Gary. G. Ghahremani, M.D., MCV—Sta- 
tion, P.O. Box 728, Richmond, Virginia 
23298. 


DIAGNOSTIC RADIOLOGY 


The George Washington University De- 
partment of Radiology announces The 
Washington Bicentennial Radiology Post- 
Graduate Conference at the Statler-Hilton 
Hotel, Washington, D.C., June 27 through 
July 4, 1976. 

This will combine high quality diagnostic 
radiology education with the many special 
events commemorating our country’s Bi- 
centennial at the Smithsonian, Kennedy 
Center, Mount Vernon, and in the U.S. 
Congress. 

For further information, please contact: 
S. David Rockoff, M.D., Professor and 
Chairman, Department of Radiology, 
George Washington University Medical 
Center, gor 23rd Street, N.W., Washing- 
ton, D.C. 20037 (202) 331-6281. 


NUCLEAR MEDICINE 


The Basic Radiation Sciences Division 
of the Medical University of South Caro- 
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lina will offer a one week course entitled 
“Quality Control for Nuclear Medicine” 
from November 3, 1975 through November 
8, 1975. 

The course will stress both didactic 
lectures and laboratory experience in qual- 
ity control procedures. The material will 
be of interest to nuclear medicine technolo- - 
gists and physicians specializing in nuclear 
medicine. The course is being supported by 
a grant from the U. S. Department of 
Health, Education, and Welfare. 

For further information, please contact: 
G. Donald Frey, Ph.D., Basic Radiation 
Sciences, Medical University of South 
Carolina, 80 Barre Street, Charleston, 
South Carolina 29401. 


THE FLEISCHNER SOCIETY 


The Fleischner Society’s Sixth Annual 
Course on Chest Radiology will be held in 
Zagreb, Yugoslavia, May 30 through June 
1, 1976. Exciting new concepts related to 
the normal and diseased chest will be pre- 
sented by a large well-known international 
faculty. All presentations will be in English 
with earphone translations. A variety of 
teaching methods will be used, including 
small group colloquies. The Fleischner So- 
ciety is an international fellowship of 
physicians dedicated to advancing knowl- 
edge in the field of chest radiology. 

For further information, please contact: 
Dr. Benjamin Felson, President, Fleischner 
Society, General Hospital, Cincinnati, Ohio 


45267. 


CONCEPTS IN THE DIAGNOSIS AND 
TREATMENT OF CANCER 

The Harvard Medical School announces 
a course in “Concepts in the Diagnosis and 
Treatment of Cancer,” to be given Novem- 
ber 24-26, 1975 at the Massachusetts Gen- 
eral Hospital. 

This selected-topics course covers the 
diagnosis and treatment of cancer, with 
emphasis on newer developments. Pre- 
sentations will include panel discussions 
and symposia, with participants represent- 
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ing many disciplines focusing upon specific 
clinical cases. Emphasis will be placed upon 
diagnostic and practical therapeutic mea- 
sures of general interest. The course should 
be valuable to general surgeons, general 
internists, and others with a broad interest 
in malignant disease. 

This course has Category I accreditation 
for approximately 21 hours toward the 
A.M.A.’s Physicians’ Recognition Award. 

For further information, please contact: 
Associate Dean, Department of Continuing 
Education, Harvard Medical School, 25 
Shattuck Street, Boston, Massachusetts 


O2II5, 


SPRING ROENTGEN CONFERENCE 


The Spring Roentgen Conference of the 
New Orleans Radiology Society is to be held 
in New Orleans on May 6,7 and 8, 1976. 

The meeting will present several well 
known guest speakers, and the subjects 
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will be general radiology, nuclear medicine, 
and ultrasound. 

For further information, please write to: 
The New Orleans Radiology Society, Post 
Office Box 51706, New Orleans, Louisiana 


JOIŞI. 
ANGIOGRAPHY 


The Departments of Radiology of Shady- 
side Hospital and the University of Pitts- 
burgh School of Medicine will present a 
seminar ‘‘Advances in Angiography, Tech- 
nical and Clinical,” January 28 to 30, 1976 
in Las Vegas, Nevada. Three full day ses- 
sions will cover new equipment, new tech- 
niques, and other subjects such as extrac- 
tion of biliary calculi, ultrasound, and 
computer assisted tomography. 

For further information, please contact: 
Shadyside Hospital, Radiology Seminar, 
5230 Centre Avenue, Pittsburgh, Pennsyl- 
vania I 5232. 
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BOOK REVIEW 


RapioLocy oF Synpromes. By Hooshang 
Taybi, M.D., M.Sc., Clinical Professor of 
Radiology, University of California School of 
Medicine, San Francisco; Chief, Department 
of Radiology, Children’s Hospital Medical 
Center, Oakland; Consultant Radiologist, 
Children’s Hospital of San Francisco and 
Letterman General Hospital, San Francisco. 
Cloth. Pg. 333, with many illustrations. Year 
Book Medical Publisher, Inc., 35 E. Wacker 
Drive, Chicago, Ill. 60601, 1975. 


Radiology of Syndromes by Hooshang Taybi, 
M.D. is a compilation of 541 syndromes, includ- 
ing hereditary disorders and congenital mal- 
formations. The-syndromes are listed alpha- 
betically in the text along with their numerous 
synonyms. The mode of inheritance and clinical 
and radiological manifestations for each syn- 
drome are briefly but concisely presented with 
the most important in italics. Numerous radio- 
graphic reproductions of good quality illus- 
trating pertinent findings are interspersed 
throughout the text. References are included in 
the text after each syndrome and selected refer- 
ences of a more general nature are listed in the 
back of the book. A gamut index presented at 
the end of the book should be quite useful. The 
index is divided into 15 anatomic systems 
beginning with Abdomen. Under each of the 15 
anatomic systems particular clinical or radio- 
graphic findings are alphabetized and a list of 
possible syndromes is included below the find- 
ing. For instance, under the Alimentary Sys- 
tem, the first finding listed is Anorectal Anom- 
aly followed by a list of 7 syndromes beginning 
with Cat-Eye syndrome and ending with 
Rieger’s syndrome. The syndromes in which 
the particular clinical or radiographic findings 
are most constant are printed in italics. 

This book should prove a handy and prac- 
tical guide to the recognition and classification 
of malformation syndromes and genetically 


determined disease. 
Joun A. Couzens, M.D. 


BOOKS RECEIVED 


- InrLammarory Bower Disease. Edited by Joseph 
B. Kirsner, M.D., Ph.D., Louis Block Distin- 
“guished Service Professor of Medicine: Chief of 


Staff and Deputy Dean for Medical Affairs, Uni- 
versity of Chicago, Department of Medicine, 
Chicago, Ill; and Roy G. Shorter, M.D., Con- 
sultant, Departments of Pathology and Medicine, 
Mayo Clinic and Mayo Foundation; Professor of 
Pathology and Medicine, Mayo Medical School, 
Rochester, Minn. Cloth. Pp. 465, with 240 illus- 
trations. Price, $35.00. Lea & Febiger, Washington 
Square, Philadelphia, Pa. 19106, 1975. 

FUNDAMENTALS OF RADIATION THERAPY AND CAN- 
CER CHEMOTHERAPY. By Sidney Lowry, M.D., 
Professor of Cancer Studies, The Queen’s Uni- 
versity of Belfast; formerly, Director of Radiation 
Therapy, Maine Medical Center, Portland, 
Maine; Assistant Professor of Therapeutic Radi- 
ology, Tufts-New England Medical Center, Bos- 
ton, Mass. Paper. Pp. 198, with some figures. 
Price, $7.50. Arco Publishing Company, 219 Park 
Avenue South, New York, N. Y. 10003, 1974. 

An Inrropucrion or Puysics ror Rapio.toaic 
Tecuno.oarsts. By Billie J. Graham, Ph.D., As- 
sociate Professor of Physics, United States Naval 
Academy, Annapolis, Md.; and William N. 
Thomas, M.D., Assistant Professor of Radiology, 
University of Maryland School of Medicine, Balti- 
more, Md. Cloth. Pp. 331, with 154 illustrations. 
Price, $12.50. W. B. Saunders Company, West 
Washington Square, Philadelphia, Pa. 19105, 
1975. 

THe EpipemMicLocy oF Cancer In Papua New 
Gunga. Edited by L. Atkinson, J. K. Clezy, 
P. S. Heay-Young, G. C. Scott, and S. C. Wigley. 
Paper. Pp. 184, with some illustrations. Price, 
$10.00. Department of Public Health, Box 2084, 
Konedobu, Papua New Guinea, 1974. 

Rapiocrapuic ANATOMY. By James McInnes, 
F.S.R., T.E., F.R.P.S. Editor of the Ninth Edi- 
tion of Clark’s Positioning in Radiography. Cloth. 
Pp. 71, with many illustrations, Price, $16.50. 
Appleton-Century-Crofts, 292 Madison Avenue, 
New York, N. Y. 10017, 1975. 

ULTRASOUND IN Mepricine. Volume I. Proceedings 
of the roth Annual Meeting of the American Insti- 
tute of Ultrasound in Medicine. Edited by Denis 
White, Department of Medicine, Queens Univer- 
sity, Kingston, Ontario, Canada. Cloth. Pp. 611, 
with some figures. Price, $47.50. Plenum Publish- 
ing Corporation, 227 West 17th Street, New York, 
N. Y. 10011, 1975. 

Sarcoiposis: A CuinicaL Approacu. By Om P. 
Sharman, M.B., B.S., F.A.C.P., F.C.C.P., D.I.M. 
and H.(Eng.), Assistant Professor of Medicine, 
University of Southern California School of 
Medicine; Physician at Los Angeles County Hos- 
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pital, University of Southern California Medical 
Center, Los Angeles, Calif. Cloth. Pp. 228, with 
many figures. Price, $17.50. Charles C Thomas, 
Publisher, 301-327 East Lawrence Avenue, 
Springfield, Ill. 62717, 1975. 

Heatru Protrecrion or Rapration Workers. By 
W. Daggett Norwood, M.D., Consultant in En- 
vironmental Health, HEJF Battelle Northwest, 
U. S, Navy, U. S. Air Force, Hanford Environ- 
mental Health Foundation, Richland, Wash. 
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Cloth. Pp. 442, with some figures. Price, $27.50. 
Charles C Thomas, Publisher, 301-327 East 
Lawrerce Avenue, Springfield, Ill. 62717, 1975. 


Immunitz AND CANCER IN Man: An INTRODUCTION. 


Edited by Arnold E. Reif, Mallory Institute of 
Pathology and Boston University School of Medi- 
cine, Boston City Hospital, Boston, Mass. Cloth. 
Pp. 160, with some illustrations. Price, $12.50. 
Marcel Dekker, Inc., 270 Madison Avenue, New 
York, N. Y. 10016, 1975. 
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SOCIETY PROCEEDINGS 


MEETINGS OF RADIOLOGICAL SOCIETIES* 


Unrrep STATES or AMERICA 
AMERICAN Roentoen Ray Soctery 
Secretary, Dr. James Franklin Martin, S. Haw- 
thorne Rd., Winston-Salem, N. C. 27103. anual Meet- 
ing: Marriott Hotel, Atlanta, Ga., Sept. 30-Oct. 3, 1975. 
AMERICAN Raprum Society 
Secretary, Richard H. Jesse, Dept. of Surgery, M. D. 
Anderson Hosp. and Tumor Institute, Houston, Tex. 
(7025: Annual Meeting: Vancouver, B. C., Canada, 
ay 9-14, 1976. 


RADIOLOGICAL Society or NORTH AMERICA 
Secretary, Dr. Theodore A. Tristan, Harrisburg, Pennsyl- 
vania. Annual Meeting: McCormick Place on the Lake, 
Chicago, Ill., Nov. 30-Dec. 5, 1975. 

Ameszican Coturce or RADIOLOGY 
Executive Director, William C, Stronach, 20 N. Wacker 
Drive, Chicago, Ill. 60606. Annual meeting. 

Secrion on RADIOLOGY, AMERICAN MEDICAL ASSOCIATION 
Secretary, Dr. Antolin Raventos, Davis, Calif. Annual 
Meeting. 

American Boarp or Rapro.ooy 
Secretary, Dr. C. Allen Good. Correspondence should be 
directed to Kahler East, Rochester, Minn. 55901. 

Written Examination will be held in 14 selected sites, 
June 21, 1975. 

Oral examinations will be held: Pittsburgh Hilton, 
Pittsburgh, Pa., June 2~7, 1975; Statler Hilton, Dallas, 
Texas, Dec. 813, 1975; Marriott Motor Hotel, Chicago, 
Ill., June 14-19, 197 : Sheraton Biltmore, Atlanta, Ga., 
Dec, 6-11, 1976. 

Applications must be received in the Board Office 
before Sept. 30 of the year preceding the one in which the 
candidate wishes to be examined. 

Deadline for filing applications for any examination in 
1976 is September 30, 1975. 

American Boarn or NucLear Mepicine, Inc, A Conjoint 
Board of the American Boards of Internal Medicine, 
Pathology and Radiology and sponsored by the Soctety 
of Nuclear Medicine. 

fig age forms and further information are avail- 
able from the American Board of Nuclear Medicine, 
305 E. 45th St., New York, N. Y. 10017. 

AMERICAN Association or Prysicisrs IN MEDICINE 
Secretary, Dr. Robert G. Waggener, Dept. Radiol., Univ. 
Tex. Health Sciences Center, San Antonio, Tex. 78284 
Annual Meeting, Aug. 3—7, 1975. 

AMERICAN SocierY or TuerapeuTIO RADIOLOGISTS 
Secretary, Dr. Robert W. Edland, 1836 South Ave., La 
Crosse, Wis., 54601, Annual Meeting: Hyatt Regency 
Hotel in the Embarcadero Center, San Francisco, 
Calif., Oct. 8-12, 1975. 

ÂMERICAN NUCLEAR SOCIETY 
aen Chairman, ‘Werner K. Kern, IRD, Space 
Nuclear Systems, F 309, U. S. Atomic Energy Commis- 
sion, Washington, D.C. 20545. 

American INSTITUTE or ULTRASOUND IN MEDICINE 
Secretary, John M. Reid, Ph.D., 556 18th Ave., Seattle, 
Wash. 98122. Annual Meeting. 

AMERICAN SOCIETY or NEURORADIOLOGY 
Secretary, Dr. David O. Davis, Department of Radiology, 
gor Twenty-third St, N.W., Washington, D. C. 20037. 
Annual Meeting. 

FOURTEENTH INTERNATIONAL Conoress oF RADIOLOGY 
Rio de Janciro, Brazil, Oct. 23-29, 1977. 


President Elect: Prof. Dr. Nicola C. Caminha; General 
Secretary: Dr. Durval Couto. Av. Churchill, 97-50 and- 
LC-39 20,000 Rio de Janeiro, Brazil. 

INTERNATIONAL Society oF RADIOLOGY 
Hon. shee ed reasurer, Prof. W. A. Fuchs, M.D., De- 

rtment of Diagnostic Radiology, University Hospital, 
nselspital, CH-3010 Bern, Switzerland. 

Twewrra [NTE RICAN Conoress or RADIOLOGY 
President, Dr. Publio Vargas Pazzos, Casilla 5227, 
Guayaquil, Ecuador. Meeting in Quito, Ecuador, 1979. 

NTE RICAN COLLEGE OF IOLOGY 
President, Manuel Viamonte, Jr., M.D., Mt, Sinai Medi- 
cal Center, 4300 Alton Rd., Miami Beach, Fla. 33140. 
Secretary, Gaston Morillo, M.D., Jackson Memorial 
Hosp., 1700 N.W. roth Ave., Miami, Fla. 33152. 
Counselor for the United States, J. A. del ato, M.D., 
Univ. of So. Fla. College of Medicine, 13000 No. joth St., 
Tampa, Fla. 33612. 

Tuinp CONGRESS oF THE EUROPEAN ASSOCIATION OF 
RADIOLOGY 
Secretary-General, P.O. Box 14, 79 Lauriston Place, Edin- 
burgh BHI IDB, Scotland. 

SEconp ASIAN AND OcEANIAN Congress oF RADIOLOGY 
Secretary, Dr, Buenaventira U. V. Angtuaco, Congress 
Secretariat Hendan oin Taft Ave., Manila, Philip- 
pines. Meeting: Manila, Philippines, Nov, 10—14, 1975. 

Aapama Cuaprer or ACR 
Seeretary-Treasurer, Dr. Lawrence E. Fetterman, 1720 
Springhill Ave., Suite 201, Mobile, A ects 
time and place of Alabama State Medical Association. 

Anasxa Rapro.ocicat Society, Cuarrer ACR 
Seeretary-Treasurer, Dr. Maurice J. Coyle, 3200 Provi- 
dence Ave., Anchorage, Alaska 995 

American OSTEOPATHIC COLLEGE oF RADIOLOGY 
Annual Scientific Meeting: Americana Hotel, Bar Harbor, 
Fla. Program Administrator: Lawrence J. Jordan, D.O., 
Suite 21, Ponce American Bidg., 4601 Ponce de Leon 
Blvd., Coral Gables, Fla. 23 146. - 

AMERICAN THERMOGRAPHIC SOCIETY 


Secretary-Treasurer, John Wallace, Ph.D., Dept. Radiol., 
Thomas Jefferson Univ. Hosp., Philadelphia, Pa. 19107. 
Annual Meeting. 


Anrzona Rapro.ogicaL Socrery, Caarrer or ACR 
Secretary, Dr. Irwin M. Freundlich, tot N. Campbell 
Ave., Dept. Radiol., Tucson, 85724. Two regular meet- 
ings a year. Annual meeting at time and place of State 
edical Association and interim meeting six months 
ater. 

Arx-La-Tsx RADIOLOGICAL SOCIETY 
Secretary, Dr. Erich K. Lang, Confederate Memorial 
Medical Center, LSU School of Medicine, Shreveport, 

.7IIOL. f 

ArxAaNsas Cuaprer or ACR 
Secretary-Treasurer, Dr. David H. Newbern, 4301r W. 
Markham, Little Rock, Ark. 72205. Meets twice annu- 
ally, the Spring Meeting being in conjunction with and, 
at the place of the State Medical Association. 

ASSOCIATION or Untversiry RADIOLOGISTS 
Secretary-Treasurer, Dr. Arch W. Templeton, Univ. of 
Kansas Med. Center, 39th and Rainbow Blvd., Kansas 
City, Kansas 66103. Annual Meeting. 

ATLANTA RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Marshall J. Cantanzaro, Dept. of 
Radiol., Northside Hosp., Atlanta, Ga. 30342. Meets on 
fourth Thursday evenings during the academic year ata 
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time announced in early September of each year, at the 
Academy of Medicine, Atlanta, Ga., at 8:00 P.M. 

BAVARIAN-AMERICAN RADIOLOGIC SOCIETY 
Secretary, Maj. Marco J. DiBiase, M.D., Radiology 
Service, 130 Station Hosp., APO N. Y. 09102. Next 
Meeting: Berlin, March 14-16, 1975. 

BLocKLEY RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. William H. Green, 616 East 24th 
St., Chester, Pa. 19013. 

BLUEGRASS RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Eugene Slusher, Lexington 
Clinic, 1221 S. Broadway, Lexington, Ky. 40504. The 
Society meets once each month during the school year. 

Bronx Rapio.ocicat Society, New York STATE, CHAP- 
TER ACR 
Secretary-Treasurer, Dr. Leon J. Corbin, 1369 Rosendale 
Ave., Bronx, N. Y. 10472. Meets 4 times a year. 

Brook.yn RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Ralph Brancaccio, 7901 4th 
Ave., Brooklyn, N. Y. 11209. Meets first Thursday of 
each month, October through June. 

BuFFaLo RADIOLOGICAL SOCIETY 
Secretary, Dr. George J. Alker, Jr., E. J. Meyer Mem. 
Hosp., Buffalo, N. Y. 14215. Meets second Monday 
evening each month, October to May inclusive, at Uni- 
versity Club. 

CALIFORNIA RADIATION THERAPY ASSOCIATION 
Secretary-Treasurer, Dr. Duane J. Gillum, Stanford Medi- 
cal Center, Stanford, Calif. 94304. Meets semiannually in 
San Francisco and Los Angeles. 

CALIFORNIA RADIOLOGICAL SOCIETY, CALIFORNIA CHAPTER 
or ACR 
Secretary-Treasurer, Dr. John L. Gwinn, 4650 Sunset 
Blvd., Los Angeles, Calif. 90027. 

CaTawBa VALLEY RADIOLOGICAL SOCIETY 
Secretary, Dr. Walter Joe Jacumin, P.O. Box 265, 
Rutherford College, N. C. 28671. Meets the last Thurs- 
day of every month, Holiday Inn, Morganton, N. C. at 
7:30 P.M. 

Centra New York RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Alfred Brettner, Auburn Mem. 
Hosp., Auburn, N. Y. 13021. Meets first Monday each 
month October through May. 

CENTRAL On10 RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Daniel E. Lewis, 309 East State 
St., Columbus, Ohio 43215. Meets second Thursday in 
October, November, January, March, and May at Fort 
Hayes Hotel, Columbus, Ohio. 

CENTRAL Texas Rapio.ocy Society 
Secretary-Treasurer Dr. E. Jerome Schoolar, Scott and 
White Clinic, Temple, Tex. 76501. Meets the fourth 
Monday of each month at Ponderosa Hotel, Temple, 
Tex. at 7:00 P.M. 

Cuicaco Rapiotocicat Society, Division OF THE 
ILLINors Rapro.ocicat Society, CHAPTER oF ACR 
Secretary-Treasurer, Dr. Harold J. Lasky, 55 E. Wash- 
ington St., Suite 1735, Chicago, Ill. 60602. Meets third 
Thursday of each month, October to April, except De- 
cember, at the Bismark Hotel, Chicago, IIl. 

CLEVELAND RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Charles M. Greenwald, 7007 
Powers Blvd., X-Ray Dept., Parma, Ohio 44129. Meet- 
ings at 7:00 P.M. on fourth Monday of October, Novem- 
ber, January, February, March and fifth Monday of April. 

Cororapo RapioLoGicaL Society, CHAPTER OF ACR 
Secretary, Dr. John Pettigrew, Denver, Colo. Meets 
third Friday of each month at Denver Athletic Club 
from September through May. 

Connecticut VALLEY RADIOLOGIC SOCIETY 
Secretary, Dr. Gerald N. LaPierre, 759 Chestnut St., 
Springfield, Mass. 01107. Meets in April and October. 

Da.ias-Fort Wortu RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Robert R. Burns, 1400 Stem- 
mons Ave., Dallas, Tex. 75208. Meets the 3rd Monday 
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of every month at 6:30 P.M., at the Airport Hotel, Arling- 
ton, Tex. 

DELAWARE CHAPTER OF ACR 
Secretary, Dr. Ekkehard S. Schubert, Wilmington Med. 
Center, P. O. Box 1951, Wilmington, Del. 19899. 

East Bay RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Robert L. Stein, 43 Dormidera 
Ave., Piedmont, Calif. 94611. Meets first Thursday each 
mon Oct. through May, at University Club, Oakland, 
Calif. 

East TENNESSEE RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. George H. Wood, 205 Medical 
Arts Bidg., Knoxville, Tenn. 37902. Meets in January 
and September. 

FLoripa RapIoLocicaL Society, CHAPTER oF ACR 
Secretary. Dr. Paul J. Popovich, 1350 S. Hickory St., 
Melbourne, Fla. 32901. Meets twice annually, in the 
spring with the Annual State Society Meeting and in 
the fall. 

FLoripa West Coast RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Herbert Johnson, Davis Blvd., 
Tampa, Fla. 33606. Meets on 4th Thursday of the 
months January, March, May, October, and November. 

Georcra RaDIOLoGIcAL Society, CHAPTER OF ACR 
Secretary, Dr. E. P. Rasmussen, Piedmont Prof, Bldg., 35 
Collier Rd., N.W., Atlanta, Ga. 30309. 

GREATER CINCINNATI RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Owen L. Brown, 2421 Auburn 
Ave., Cincinnati, Ohio 45219. 

Greater Kansas City RADIOLOGICAL SOCIETY 
President-Secretary, Dr. Jay I. Rozen, Suite 216, 6400 
Prospect, Kansas City, Mo. 64132. Meets 5 times a year. 

GREATER LouIsvILLE RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. L. D. LeNeave, 315 E. Broad- 
way, Louisville, Ky. 40202. Meets monthly. 

Greater Miami RADIOLOGICAL SOCIETY 
Secretary, Dr. David C. Hillman, P. O. Box 610544, North 
Miami, Fla. 33161. Meets monthly, third Wednesday at 
8:00 P.M. at various member hospitals, Miami, Fla. 

GREATER St. Louis Society oF RADIOLOGISTS 
Secretery-Treasurer, Dr. Donald Callahan, Northland 
Med. Bldg., Jennings, Mo. 63136. 

Hawat RADIOLOGICAL Society, CHAPTER oF ACR 
Secretary-Treasurer, Dr. Sidney B. W. Wong, Straub 
Clinic and Hosp., Honolulu, Hawaii 96813. Meets third 
Monday of each month at 7:30 P.M. 

Heattu Puysics Society 
Secretary, Russell F. Cowing, P.O. Box 156, E. Wey- 
mouth, Mass. 02189. Annual Meeting. 

Houston RADIOLOGICAL SOCIETY 
Secretary, Dr. Neill B. Longley, 6436 Fannin, Suite 601, 
Houston, Tex. 77025. Meets fourth Monday of each 
month, except June, July, August and December, at 6:00 
P.M., at 103 Jesse H. Jones Library Building, Texas 
Medical Center, Houston, Tex. 77025. 

IpaHo Srare RaproLocicat Society, CHAPTER oF ACR 
Secretary-Treasurer, Dr. John H. Truksa, 1605 Park Ave., 
Nampa, Id. 83651. Meets in the spring and fall. 

Ituinois RaprioLocicat Society, Inc., CHAPTER or ACR 
Secretary, Dr. Robert D. Dooley, Hinsdale Med. Cen- 
ter, Hinsdale, Ill. 60521. Meets in the spring and fall. 

InpiANA RoEnTGEN Society, Inc., CHapTeR oF ACR 
Secretary, Dr. John A. Knote, Home Hosp., Lafayette, 
Ind. 47902. 

Iowa RaproLocicat Society, CHAPTER OF ACR 
Secretary-Treasurer, Dr. Dale L. Roberson, 1948 First 
Ave., NE, Cedar Rapids, Iowa 52402. Luncheon and 
business meeting during annual session of lowa State 
Medical Society. The scientific session is held in the 
autumn. 

Kansas Rapro.ocicat Society, CHapter or ACR 
Secretary-Treasurer, Dr. Ralph H. Baehr, 310 Medical 
Arts Bidg., Topeka, Kan. 66604. Meets in spring wth 
State Medical Society and in winter on call. 
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KentucryY Cuarrer or ACR 
Secretary-Treasurer, Dr, Bernard Sams, St. Nae In- 
firmary, 735 Eastern Parkway, Louisvile, Ky. 40217. 

eets in April and September, 

Kings County RADIOLOGICAL SOCIETY 
Secretary, Dr. Sidney Hendler, 1880 Ocean Ave., Brook- 
lyn 30, N. Y. Meets Kings County Med. Soc. Bldg. 
monthly on fourth Thursday, October to May, 8:45 P.M. 

KNOXVILLE RADIOLOGICAL SOCIETY 
Secretary, Dr. Clifford L. Walton, Blount Professional 
Bldg., Knoxville 20, Tenn. Meetings are held the third 
Monday of every other month at the University of 
Tennessee Memorial Research Center and Hospital. 

Lona Istann RaproLoaicar Society 
Secretary, Dr. Harry L. Stein, North Shore Univ. Hosp., 
300 Community Dr.; Manhasset, N. Y. 11030. 

Los ANGELEs RADIOLOGICAL SOCIETY 
phi Dr, Isaac Sanders, 1429 Valley View Rd. 13 
Glendale, Calif. 91202. Meets second Wednesday o 
month in September, November, January, April and 
June at Los Angeles County Medical Association Build- 
ing, Los Angeles, Calif. Midwinter Radiological Con- 
ference. Century Plaza Hotel, Los Angeles, Calif. 


Louisiana Rapro.oarca. Sociery, Carrer oy ACR 
Secretary-Treasurer, Dr. Roger h. Tutton, 1514 Jeffer- 
son Hwy., New Orleans, La. 7o121. 

Lovisrana-Texas Gurr Coasr RADIOLOGICAL Society 
Secretary-Treasurer, Dr. Arnold G. Manske, P.O. Box 
3008, Port Arthur, Tex. 71670. 

Marne RapioLocicaL Society, CHaprer or ACR 
Secretary-Treasurer, Dr. Peter E. Giustra, Department 
of Radiology, Penobscot Bay Medical Center, Rockland 
rien a4g841. Meets in June, September, December and 

pril. . 

MagyLanD RanioLocicaL Society, CHAPTER or ACR 
Secretary, Dr. David S, O'Brien, Anne Arundel Hosp., 
Annapolis, Md. 21401. 

MASSACHUSETTS RADIOLOGICAL SOCIETY, CHAPTER or ACR 
Secretary, Dr. Joseph. T. Ferrucci, Ír., Massachusetts 


Gen. Hosp., Boston, Mass. 02114. 


Mempuis Roentoen Sociery 
Secrelary-Treasurer, Dr. Thomas P. Coburn, The Uni- 
versity of Tennessee College of Medicine, Department of 
Radiology, Walter C. Chandler Bldg., 86; Jefferson Ave., 
Memph’s, Tenn. 78163. Meets first Monday Oct. through 
May at the University Club. 


Miami VaLLeY RADIOLOGICAL SOCIETY 
Secretary, Dr. Bert Must, I.B.M. Bldg., Dayton, Ohio. 
Meets third Thursday of fall, winter and spring months 
at 7:30 P.M. at Miami Valley Hospital, Dayton, Ohio. 


Micuican RanioLoarcaL Sociery, Cuaprer or ACR. 
Seeretary-Treasurer, Dr. Francis P. Shea, Harper Hos- 
pital, 3825 Brush St, Detroit, Mich. 48201, Meets 
monthly, first Thursday, October through May, at 
David Whitney House, roro Antietam, at 6:30 P.M. 

Micnioan Society or Tuerapeuric Rapio.oorsrs 
Secretary-Treasurer, Dr. Delmar Mahrt, William Beau- 
mont Hosp., Detroit, Mich. 48072. Meets bi-monthly 
during the academic year. 

Mip-Hupsow RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Wiliam D. Stichm, 37 Flower 
Hill Rd., Poughkeepsie, N. Y. 12603. Meets 7:00 P.M., 
first Wednesday of each month, September to Mavy. 


Mitwauxee Roenroen Ray Sociary 
Secretary-Treasurer, Dr. Thomas C. Lipscomb, r004 
North Tenth St., Milwaukee, Wis. 53233. Meets monthly 
a a Monday, October through May, at University 

ub. 

Minnesota Rapro.ocicar Society, Cuaprer'or ACR 
abies i Dr. Marvin E. Goldberg, Box 292, 
Mayo Memorial Health Sciences Center, Minneapolis, 
Minn. 55455. 
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Mississippi State RapioLocicaL Society, CHAPTER OF 
ACR 


Secretary-Treasurer, Dr. Edward L. Gieger, 969 Lake- 
land Dr.: Jackson, Miss. 39216. Meets third Thursday, 
excluding summer months, at the Primos Northgate 
Rest., Jackson at 6230 P.u. 

Missouri RapioLoaicaL Society, Cuarprer or ACR 
Secretary-Treasurer, Dr. Ronald G. Evens, Mallinckrodt 
Institute of Radiology, 510 5. Kingshighway, St. Louis, 
Mo. 63110. 

Montana RapioLoaicaL Sccisty, Cuaprer or ACR 
Secretary, Dr. C. H. Agnew, Room 102, Doctors Bldg., 
Billings, Mont. s9101. 

NEBRASKA CHAPTER OF ACR 
Seeretary-Treasurer, Dr. Robert Bodmer, Suite 622 Doc- 
tors Bdg., Omaha, Neb. 68131. Meets the third Wednes- 
day of the month, Oct. through March, at the Clarkson 
Hosp., Omaha, Neb. and the fourth Friday of April at 
the Lacok Country Club, Lincoln, Neb. 

Nevapa RanioLoaicaL Socrery, Cuarrer or ACR 
Secretary, Dr. Charles F. Veverka, Carson Tahoe Hosp., 
Carson City, Nev. 89701. 

N.E. Socrery ror RADIATION ONCOLOGY 
Secretary, Dr, C. C. Wang, Mass. Gen. Hosp., Boston, 
Mass, 02114. l 

New EnoLann Roentoen Ray Society, . 
Secretary, Dr. Melvin E. Clouse, 185 Pilgrim Rd., 
Boston, Mass. 02115. Meets the third Friday of Oct. an 
Nov., and third Thurs. of each month. Jan. ugh May, 
excluding December, at The Longwood Towers, 20 
Toe e Brookline, Mass. at 3:00 p.m. Annual 
Meet ng: May 20, 1976. 

ae AE Roenroex Ray SocierY, CHAPTER OF 
A 
Secretary-Treasurer, Dr. Edward P. Kane, Claremont 
Gen. Hosp., Claremont, N. H. 03743. Meets four to six 
times yearly. , 

New Mexico Society or RapioLoaists, CHAPTER or ACR 
Secretary, Dr. W. M. Jordan, 1100 Central Ave. S.E., 
Albuquerque, N. M. 87106. Four DEY annually, 
three held in Albuquerque, N. M., and one held at time 

and place of New Mexico State Medical Society annual 
mecting. 

New Orieans RADIOLOGICAL Sociery, Inc. . 
Secretary-Treasurer, Dr. Jiramy L. Mains, P.O. Box 446, 
Gretna, La. ie 53. Meets bimonthly at local restaurants 
selected by the President. Spring Conference. 

New Yorx Roentoen Society 
Secretary-Treasurer, Dr. Thomas C, Beneventano, III 
East 2toth St., Bronx, N. Y. 10467. Meets monthly. on 
the 3rd Monday at the New York Academy of Medicine 
at 4:30 P.M. Annual Spring Conference, Waldorf-Astoria 
Hotel, New York, N. ¥., oril 22-24, I oe A.M.A. Cat. 
I credit. Further information may be obtained from Dr. 
Albert A. Dunn, Roosevelt Hosp., New York, N, Y. 
LOOIg, l 

New Yorx Stare Cuaprer or ACR 

Secretary-Treasurer, Dr. Albert F. Keegan, 6 Secor Dr., 
Port Wash., N, Y. r1roso. ' 

NORTH American Society or Carpiac RADIOLOGY 
Secretary-Treasurer, Dr. Erik Carlson, Univ. Calif., 
San Francisco, Calif. 94143. 

Norty Carouina Cuaprer or ACR E 
Secretary-Treasurer, Dr. Ernest B. Spangler, Wesley Long 
Hosp., Greensboro, N. C. 27402. Meets twice a year. The 
Spring Meeting is held at.the time of the meeting of the 

orth Carolina Medical Society. The Fall Meeting is held 
in NovemPes at the Mid Pines Club, Southern Pines, 
N 


Noxrru Daxora Raprotocica: Socizry, Cuaprer or ACR 
Secretary, Dr. Marshall Landa, P. O. Box 6001, Fargo, 
N. D. 58102. Meets at time of State Medical Association 
meeting. Other meetings arranged on call of the President. 

Nortu FLoripa RADIOLOGICAL SOCIETY 
Secretary, Dr. David F. Bew, University Hospital! of 
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Jacksonville, 655 W. Eighth Street, P.O. Box 2751, 
Jacksonville, Fla. 32203. Meets quarterly in March, 
June, September and December. 

NORTHEASTERN OKLAHOMA RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Theodore J. Brickner, Jr., 5919 
S. Gary Place, Tulsa, Okla. 74110. 

NORTHEASTERN New York RADIOLOGICAL SOCIETY 
Secretary, Dr. Donald R. Morton, Dept. of Radiology, 
St. Clare’s Hosp., Schenectady, N. Y. 12304. Meets in 
Albany area on third Wednesday of October, November, 
March, April, and May. 

NORTHERN CALIFORNIA RADIATION THERAPY ASSOCIATION 
Secretary-Treasurer, Dr. John D. Earle, Stanford Medical 
Center, Stanford, Calif. 94304. Meets quarterly. 

NORTHERN CALIFORNIA RADIOLOGICAL SOCIETY 
Secretary, Dr. Patrick J. Grinsell, 1207 Fairchild Ct., 
Woodland, Calif. 95695. Meets on the fourth Monday, 
m through May at the Mansion Inn, Sacramento, 

alif. 

NORTHWESTERN New York RADIOLOGICAL SOCIETY 
Secretary, Dr. Barbara E. Chick, Glens Falls Hospital, 
Glens Falls, N. Y. 12801. 

NorTHWESTERN OHIO RADIOLOGICAL SOCIETY 
Secretary, Dr. Richard W. Siders, 421 Michigan, Toledo, 
Si 43624. Meets 3rd Wednesday from September to 

ay. 

Onto State Rapio.ocicat Society, CHAPTER OF ACR 
Secretary, Dr. James Farmer, Cleveland, Ohio. 

a Strate RADIOLOGICAL Society, CHAPTER OF 
Secretary, Dr. George H. Ladd, 4616 Denison, Muskogee, 
Okla. 74401. Meets in January, May and October. 

OranGE County RADIOLOGICAL SOCIETY 
Secretary, Dr. William E. Danko, 2601 E. Chapman, 
Orange, Calif. 92667. Meets on fourth Tuesday of the 
month, excluding June, July, August, and December, at 
ate County Medical Association Bldg., Orange, 

alif. 

Orecon State RapnioLocicaL Society, CHAPTER oF ACR 
Secretary-Treasurer, Dr. Ray F. Friedman, 3324 S. W. 
44th St., Portland, Ore. 97221. Meets on second Wednes- 
day of month, October through April, at the University 
Club, Portland, Ore. 

Orteans ParisH RADIOLOGICAL SOCIETY 
Secretary, Dr. Joseph V. Schlosser, Charity Hospital, 
New Orleans, La. 70113. Meets second Tuesday of each 
month. 

Paciric NortTHWEST RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Kenneth D. Moores, 1118 gth 
Ave., Seattle, Wash. 98101. Annual Meeting: Benson 
Hotel, Portland, Ore., May 7-9, 1976. 

PENNSYLVANIA RADIOLOGICAL Society, CHAPTER OF ACR 
Secretary, Dr. Joseph A. Marasco, Jr., St. Francis General 
Hosp., Pittsburgh, Pa. 19141. 

PHILADELPHIA RoENTGEN Ray SOCIETY 
Secretary, Dr. Marvin E. Haskin, 230 N. Broad St., 
Philadelphia, Pa. 19102. Meets first Thursday of each 
month at 5 P.M., from October to May in Thompson Hall, 
College of Physicians, 

PITTSBURGH ROENTGEN SOCIETY 
Secretary, Dr. Klaus M. Bron, Presbyterian-Univ. Hosp., 
Pittsburgh 15213. Meets second Wednesday of month, 
September through May, at the Pittsburgh Athletic As- 
sociation. 

RADIATION RESEARCH SOCIETY 
Executive Secretary, Richard J. Burk, Jr., 4211 39th St., 
N.W., Washington, D. C. 20016. Annual Meeting. 

RADIOLOGICAL Society oF Connecticut, INC., CHAPTER 
or ACR 
Secretary, Dr. Gerald L. Baker, 85 Jefferson St., Hartford, 
Conn. 06106. Meets in Oct., Jan., March, and June. 

RADIOLOGICAL SOCIETY OF GREATER CINCINNATI 
Secretary-Treasurer, Dr. Alvin Nathan, c/o Academy of 
Medicine, 320 Broadway, Cincinnati, Ohio 45202. Meets 
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first Monday of each month at Cincinnati Academy of 
Medicine. 

RADIOLOGICAL Society oF New JERSEY, CHAPTER oF ACR 
Secretary, Dr. Fred M. Palace, 11 Dale Dr., Morristown, 
N.J. 07960. Monthly meetings in East Orange and 
Trenton, N.J. Semi-Annual Meeting in Nov. 

RADIOLOGICAL SociETY OF RHopE IsLanD, CHAPTER OF ACR 
Secretary-Treasurer, Dr. Daniel J. Alves, Rhode Island 
Hosp., Providence, R. I. 02902. 

RADIOLOGICAL SOCIETY OF SOUTHERN CALIFORNIA 
Secretary-Treasurer, Dr. A. Franklin Turner, LAC-USC 
Medical Center, Room 3418, 1200 North State St., Los 
Angeles, Calif. 90033. Meets three times a year, usually 
October, February and May. 

RADIOLOGICAL SOCIETY OF THE STATE OF NEw YORK 
Secretary-Treasurer, Dr. John W. Colgan, 273 Hollywood 
Ave., Rochester, N. Y. 14618. 

Repwoop Empire RADIOLOGICAL SOCIETY 
Secretary, Dr. Charles E. Carter, 121 Sotoyome St., 
Santa Rosa, Calif. 95405. Meets second Monday every 
other month. 

RicHmMonpD County RADIOLOGICAL SOCIETY 
Secretary, Dr. Frederick S. Vines, 11830 Rothbury Dr., 
Richmond, Va. 23235. Meets third Thursday of each 
month at the Aberdeen Barn. 

Rocuester Roentcen Ray Society, Rocuester, N. Y. 
Secretary-Treasurer, Dr. Robert J. Bruneau, Rochester 
General Hosp., Rochester, N. Y. 14621. Quarterly meet- 
ings om the call of the President, at the Rochester 
Academy of Medicine. 

Rocky Mountain RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Lorenz R. Wurtzebach, 4200 E. 
Ninth Ave., Denver, Colo. 80220. Annual meeting: 
Brown Palace Hotel, Denver, Colo., Aug. 21-23, 1975. 

San Anronio-Civit1an MILITARY RADIOLOGICAL SOCIETY 
Secretary, Dr. James R. Stewart, Oak Hills Medical Ctr., 
San Antonio, Tex. 78209. Meets third Wednesday of 
each month at Fort Sam Houston Officers Club at 
6:30 P.M. 

San Dieco RADIOLOGICAL SOCIETY 
President, Dr. Donald J. Fleischli, 7849 Fay Ave., La 
Jolla, Calif. 92037. Meets the first Wednesday of each 
month Sept. through June at the University Club. 

San Francisco RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Robert L. Koch, 3838 Cali- 
fornia St., Suite 106, San Francisco, Calif. 94118. 

SecTION on Rapio.ocy, CALIFORNIA MEDICAL ASSOCIATION 
Secretary, Dr. William H. Graham, 630 East Santa Clara 
St., San Jose, Calif. 

Section on Rapiotocy, Mepicat Society oF THE Dis- 
TRICT OF COLUMBIA 
Secretary-Treasurer, Dr. Albert M. Zelna, 21 Masters St., 
Potomac, Md. 20854. Meets at Medical Society Library, 
third Wednesday of January, March, May and October 
at 8:00 P.M. 

Section oF RaproLtocy, NATIONAL MEDICAL AssociaTION 
Secretary, Dr. Ruby Brooks, Dept. Radiol., Veterans 
Adm. Hosp., P.O. Box 511, Tuskogee, Ala. 36083. Annual 
Meeting. 

Section on RADIOLOGY, SOUTHERN MEDICAL ASSOCIATION 
Secretary, Dr. Mario A. Calonje, 1514 Jefferson Highway, 
New Orleans, La. 70121. Annual Meeting. 

Section oN RapioLocy, Texas MEDICAL ASSOCIATION 
Secretary, Dr. George F. Crawford, St. Elizabeth Hospi- 
tal, Beaumont, Tex. Meets annually with the Texas 
Medical Association. 

SHREVEPORT RADIOLOGICAL CLUB 
Secretary, Dr. W. R. Harwell, 608 Travis St., Shreveport, 
La. Meets monthly on third Wednesday at 7:30 P.M., 
September to May inclusive. 

Society FoR PEDIATRIC RADIOLOGY 
Secretary-Treasurer, Dr. John P. Dorst, 601 N. Broad- 
way, Baltimore, Md. 21205. Annual meeting: Marriott 
Hotel, Atlanta, Ga., Sept. 28-29, 1975. 
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SOCIETY OF GASTRO-INTESTINAL RADIOLOGISTS 
Secretary-Treasurer, Dr. John R. Amberg, University 
Hospital, 225 W. Dickinson St., San Diego, Calif. 92103. 

Society or Nuctear MEDICINE - 

Secretary, Dr. E. James Potchen, Edward Mallinckrodt 
Institute of Radiology, 660 S. Euclid Ave., St. Louis, 
Mo. 63110. Administrative Officer, Mrs. Margaret Glos, 
211 E.4grd St., New York, N. Y. 10017. Annual Meeting. 

Sours Bay RADIOLOGICAL SOCIETY 
Seeretary, Dr. Robert Mindalzun, Valley Radiologists, 
Inc., 100 O'Connor Dr., San Jose, Calif. 95128. Meets 
the 2nd Monday of each month at the Santa Clara 
he aca Society Bldg., 720 Empey. Way, San 
Jose, Calif. : 

Sours Caro.iina Raprotoaicat Society, Coaprer or ACR 
Secretary, Dr. George W. Brunson, 1406 Gr St; 
Columbia, S. C. Annual meeting (primarily business) 
in conjunction with the South Carolina Medical Associa- 
tion meeting in May. Annual fall scientific meeting at 
time and place designated by the president. 

Sour Coast RapnioLoaicaL Sociery Cuaprer or ACR 
Secretary-Treasurer, Dr. Richard T. Love, Santa Bar- 
bara Med. Clin., 215 Pesetas Lane, Santa Barbara, 
Calif. 93110. Meets fourth Tuesday of alternate months, 
Sept., Nov., Jan., March and May. 

Souty Daxota RaproLocicaL Society, CHAPTER or ACR 
Secretary, Dr. M. F. Petereit, 2416 S. Phillips, Sioux 
Falls, S. D. 57105. Meets in spring with State Medical 
Society and in fall. 

SOUTHERN CALIFORNIA RADIATION THERAPY ASSOCIATION 
Secretary-Treasurer, Dr. Duane J. Gillum, 250 W. Pueblo 
St, Santa Barbara, Calif. 93105. Mèets quarterly. 

SOUTHERN RADIOLOGICAL CONFERENCE a 
Secretary-Treasurer, Dr. J. W. Maxwell, P.O. Box 2144 
Mobile Ala. 36601. Annual Meeting: Grand Hotel, Point 
Clear, Ala., Jan. 30~-Feb. 1, 1976. 

TENNESSEE RADIOLOGICAL Society, Cuaprer or ACR 
Secretary-Treasurer, Dr. Jerry W. Grise, Methodist 
Hosp., 1265 Union Ave., Memphis, Tenn. 38104. Meets 
annually at the time and place of the Tennessee State 
Medical! Association meeting. 

Texas Stare RapioLocicaL Society, Cuaprer or ACR 
Secretary, Dr. Francis E. O'Neill, 1128 Nix Prof. Bdg., 
San Antonio, Tex. 78205. 

Tue FLEISCHNER Society 
Secretary, Dr. E. Robert Heitzman, State University of 
New York Upstate Medical Center, Syracuse, N. Y. 
13210, Annual Meeting: St. Francis Hotel, San Fran- 
cisco, Calif., May 28-31, 1975. i 

Tari-STATE RADIOLOGICAL SOCIETY 
Secretary, Dr. Alfred Lessure, Welborne Hosp., Evans- 
ville, Ind. 47714. Meets bimonthly on the third Wednes- 
day at Arco Hospitals 

UprrER Peninsuta RaproLoGIcaL Society 
Senie, Dr. A. Gonty, Menominee, Mich. Meets quar- 
teriy. 

Uran Strate RapioLocicaL SocrETY, CHarTER or ACR 
Secretary-Treasurer, Dr. Patrick D. Lester, Dept. Radiol., 
University of Utah Medical Center, Salt Lake City, 
Utah 84112. Meets quarterly at Holy Cross Hospital. 

Vermont RapnioLocicaL Socigsry, Cuaprer or ACR 
Secretary, Dr. J. Lorimer Holm, R.R. #3, Barre, Vt. 05641. 

Viroinia Cuaprer or ACR 
Secretary~Treasurer, Dr. Charles P. Winkler, 3500 Ken- 
sington Ave., Suite 2-A, Richmond, Va. 23221. 

Wasaincron, D, C., Cuaprer or ACR 
Secretary-Treasurer, Dr. Robert M. Allen, 9312 Convento 
Terr., Fairfax, Va. 22030. 

WN Srare RanioLoaicaL Society, CHAPTER OF 


Secretary-Treasurer, Dr. Donald J. Hesch, 3216 N.E. | 


45th Place, Seattle, Wash. 98105. 
West Viroinia Rapiotocicat Society, Cuaprer or ACR 
Secretary-Treasurer, Dr. Andrew W. Goodwin, II, 200 
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Med. Arts Bldg., Charleston, W. Va. 25301. Meets con- 
currently with annual meeting of West Virginia State 
Medical Society, other meetings arranged by program 
committee. 

Westcuester County RADIOLOGICAL SOCIETY 
Secretary, Dr. Leonard Cutler, 16 Guion Place, New 
Rochelle, N. Y. 10802, Meets on second Tuesday of 
October, December, February and May. 

Wisconsin Rapro.ocican Sociery, CHAPTER or ACR 
Seeretary-Treasurer, Dr. June Unger, Wood VA Hosp., 
Wood, Wis. 53193. Meets twice a year, May and Sep- 
tember. 

Wisconsin Society or THERAPEUTIC RADIOLOGISTS 
Secretary, Dr. Alvin Greenberg, Radiother. Ctr., Univ. 
Hospitals, Madison, Wis. 53706. Meets quarterly. 

Wromine Rapiotoarcat Society, Cuaprer oy ACR 
Seeretary, Dr. Ross J. Collie, Box 96, Lander, Wyo. 82520. 
Meets in fall with State Medical Society and in spring 
on call of President. 


Mexico, Pugerro Rico AND CENTRAL AMERICA 


AsociaciOn COSTARRICENSE DE RADIOLOGÍA 
Secretary, Dr. Rafael Umafia-Umafia, Apartado 8-5340, 
San José, Costa Rica. l 

AsociacOn DE RADIÓLOQGOS DE` CENTRO AMERICA Y 
Panamá. Comprising: Guatemala, El Salvador, Hon- 
duras, Nicaragua, Costa Rica and Panamá 
Secretary-General, Dr. Francisco Miranbell Solis, Apar- 
tado 3352, San José, Costa Rica, Central America. Meets 
annually in a rotating manner in the six countries. 

ASOCIACIÓN PUERTORRIQUEÑA DE RavioLoofa 
Secretary, Dr. R. B. Diaz Bonnet, Suite 504, Professional 
Bidg., Santurce, Puerto Rico. 

SOCIEDAD DE RADIOLOGÍA DE SALVADOR 
Secretary, Dr. Carlos Meijia, 5a Av. Nte. No. 434, San 
Salvador, Rep. El Salvador. 

SOCIEDAD DE RADIOLOGÍA DE GUATEMALA 
Secretary, Dr. Carlos E. Escobar, 97, Calle A o~05, Zona 1, 
Guatemala 

Sociepap Mexicana DE Raptotoafa, A.C. 
Coahuila No. 35, México 7, D.F., México. 
Secretary-General, Dr. Jorge Cano Coquf. Meets first 
Monday of each month. 

Socrepap RADIOLÓGICA PANAMEÑA 
Secretary, Dr. L. Arrieta Sánchez, Apartado No. 6323 
Panama, R. de P. Meets monthly in a department of 
radiology of a local hospital chosen at preceding meeting. 

SociepAD Rapio.é6eica pg Puerro Rico 
Se , Dr. Heriberto Pagán Sáez, Box 9387, Santurce, 
Puerto Rico. Meets second Thursday of each month at 
8:00 P.M. at the Puerto Rico Medical Association Bldg. 
in San Juan. 


Brrrisy COMMONWEALTH oF Nations 


Association oF RADIOLOGISTS OF THE Province oF 
QUEBEC 
121 Boul. Taschereau, Greenfield Park, P. Q., Canada. 
Meets four times a year. j 

Brrrisu InsrrruTe or RaproLoaY 
Honorary Secretaries, D. H. Traspnell, M. Cohen, 32 
Welbeck St., London, W1M/7PG, England. 

Canapian Association oF Puysicists, Division or MED- 
ICAL AND BroLocicaL Prystics 
Honorary Secretary-Treasurer, Dr. R. G. Baker, Ontario 
Cancer Pounda con, Ottawa Civic Clinic, 1053 Carling 
Ave., Ottawa 3, Ont., Canada. 

CANADIAN ASSOCIATION OF RADIOLOGISTS 
Honorary Secretary, Dr. Ross O. Hill, Suite 806, 1440 St. 
Catherine St. West, Montreal 107, Que., Canada. Thirty- 
eighth Annual Meeting: Toronto, Ont., May 11-16, 1975. 

Epmonton and Disrricr RapioLoaicat Soctery 
Secretary, Dr. L. A. Koller, Suite 360, Professional Blidg., 
10830 Jasper Ave., Edmonton 15, Alberta, Canada. 
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Meets third Thursday of each month October to May, 
except December, at various Edmonton Hospitals. 

Facu.ty or RADIOLOGISTS 
Honorary Secretary, P. D. Thomson, 28 Portland PL, 
London, WIN 4DE. 

MontTREAL RADIOLOGICAL SrupY CLUB 
Secretary, Dr. W. Paul Butt, Montreal General Hospital, 
Montreal, Que., Canada. Meets first Tuesday evening, 
October to April. 

Section oF RapioLocy OF THE RoyaL Society oF MEDI- 
cine (ConFINED TO Mepicat MEMBERS) 

Meets third Friday each month at 8:15 P.M. at the Royal 
Society of Medicine, 1 Wimpole St., London, W. 1 
M8AE, 1 England. 

SociETE CANADIENNE-FRANGAISE DE RADIOLOGIE 
Secretary-General, Dr. Hubert Sasseville, Verdun Hospi- 
tal, Montréal, P. Q., Canada. Meets every third Tuesday 
from October to April. 

Tue Hospira Puysicists’ ASSOCIATION 
Honorary Secretary, J. B. Massey, B.Sc., Christie Hosp. 
and Holt Radium Institute, Physics Department, Wi- 
thington, Manchester M20 9BX, England. 

Toronto RADIOLOGICAL SOCIETY 
Secretary, Dr. George Wortzman, Toronto General Hosp., 
Toronto 12, Ont., Canada. Meets second Monday of 
each month, September through May. 

Tue Roya AUSTRALASIAN COLLEGE OF RADIOLOGISTS 
Honorary Secretary, Dr. T. P. Loneragan, 45 Macquarie 
St., Sydney, N.S.W. 2000, Australia. 


SOUTH AMERICA 


CoLÉéGIo BRASILEIRO DE RADIOLOGIA 
Secretary-General, Dr. José Marcos Pires de Oliveira, 
Caixa Postal 5984, São Paulo, Brazil. 

FEDERACIÓN ARGENTINA DE SOCIEDADES DE RADIOLOGÍA 
Branches of the Federation are: Sociedad de Radidlogos 
de la Provincia de Cérdoba; Sociedad Argentina de Ra- 
diologia; Asociacién Argentina de Radiologia; Sociedad 
de Radiologia, Radioterapéutica y Medicina Nuclear de 
Rosario; Sociedad de Radiologia y Medicina Nuclear del 
Centro y Sudeste de la Provincia de Buenos Aires (Mar 
del Plata); Sociedad Saltefia de Radiologia y Medicina 
Nuclear; Sociedad de Radiologia de Tucuman; Sociedad 
de Radiologia del Nordeste Argentino; Sociedad de Ra- 
ea de La Plata; and Sociedad de Radiologia de San 

uan. 
Secretary-General-Treasurer, Dr. Roberto Habichayn, Av. 
Colón 637, Córdoba, Argentina. 
Congress will be organized by Sociedad de Radiologia, 
Radioterapéutica y Medicina Nuclear de Rosario in 1975. 

SOCIEDAD ARGENTINA DE RADIOLOGÍA 
Secretary-General, Dr. Alba de la Torre, Santa Fé 1171, 
Buenos Aires, Argentina. Meets first Wednesday evening, 
April through December. 

SociEDAD BOLIVIANA DE RADIOLOGÍA 
Secretary, Dr. Javier Prada Méndez, Casilla 1182, La 
Paz, Bolivia. Meets monthly. General assembly once 
every two years. 

SOCIEDADE BRASILEIRA DE RADIOLOGIA 
Secretary, Dr. Armando Rocha Amoédo, Caixa Postal 
1532, Rio de Janeiro, Brazil. General Assembly meets 
every two years in December. 

SOCIEDADE BRASILEIRA DE RADIOTERAPIA 
Luiz Antonio, 644, São Paulo, Brazil. Meets monthly on 
second Wednesday at 9:00 P.M. in São Paulo at Av. 
Brigadeiro Luiz Antonio, 644. 

SOCIEDAD CHILENA DE RADIOLOGÍA 
Secretary, Dr. Manuel Neira, Casilla 13426, Santiago, 
Chile. Meets first Friday of each month at Av. Santa 
Maria 1810 at 7:00 P.M. 

SOCIEDAD COLOMBIANA DE RADIOLOGÍA 
Secretary-General, Dr. Gustavo Sánchez Sánchez, Bogotá, 
Colombia. Meets last Thursday of each month. 
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SocreEDAD ECUATORIANA DE RADIOLOGÍA 
Secretary, Dr. Luis Blum, Casilla 3712, Guayaquil, Ecua- 
dor. 

SocIEDAD PARAGUAYA DE RADIOLOGÍA 
Secretary, Dr. Hugo Volpe Rios, 15 de Agosto 322, 
Asunción, Paraguay. 

SoclEDAD PERUANA DE RADIOLOGÍA 
Secretary-General, Dra. Ladis Delpino, Av. General 
Santa Cruz No. 315, Miraflores, Lima, Perú, Casilla 
Correo, 2306, Lima, Perú. Meets monthly except during 
January, February, and March. 

SoclEDAD DE RADIOLOGÍA DEL ATLANTICO 
Secretary, Dr. Raul Fernandez, Calle 40 #41-110, Baran- 
quilla, Colombia. Society meets monthly at the Instituto 
de Radiologia. 

SOCIEDAD DE RADIOLOGÍA DEL NORDESTE ARGENTINO 
Secretery-General, Dr. Francisco J. Velar, Catamarca 561, 
Corrientes, Argentina. 

SoclEDAD DE RapIoLoGia DE La PLATA 
Secretery, Dr. Hiram D. Haurigot, Calle ṣo No. 374, La 
Plata, Argentina. 

SociEDAD DE RADIOLOGÍA, 
MÉDICA DEL URUGUAY 
Secretery-General, Dr. Manuel Gonzáles Maseda, Av. 
Agraciada 1464, piso 13, Montevideo, Uruguay. 

SOCIEDADE DE RADIOLOGÍA DE PERNAMBUCO 
Secretary, Dr. Manoel Medeiros Instituto de Radiologia 
da Faculdade de Medicina da Universidade do Recife, 
Caixa Postal 505, Pernambuco, Brazil. 

SOCIEDAD DE ROENTGENOLOGÍA Y MEDICINA NUCLEAR DE 
LA PROVINCIA DE CÓRDOBA 
Secretary-General, Dr. Lucas C. Di Rienzo, Ave. Grl. 
Paz. 151, Córdoba, Argentina. 

SocrepaD DE Rapro.ocia, RADIOTERAPÉUTICA Y MEDICINA 
NUCLEAR DE ROSARIO 
Secretery-General, Dr. Federico Fragola, Santa Fe 1798, 
Rosario, Argentina. 

SoclEDAD SALTENA DE RapioLtocia Y MEDICINA NUCLEAR 
Treasurer, Dr. Julio Luis Baldi, Av. Sarmiento 536, Salta, 
Argentina. 

SociEDAD VENEZOLANA DE Raprotocia y Mepicina Nvu- 
CLEAR 
Secretery-General, Dr. Salvador Itriago Borgas, Apartado 
Postal 9213, Candelaria, Caracas, Venezuela. Meets 
monthly, third Friday at Colegio Médico del Distrito 
Federal, Caracas. 


CANCEROLOGIA Y Fisica 


CONTINENTAL EUROPE 


OsTERREICHISCHE RONTGEN-GESELLSCHAFT 
Secretary, Dr. Ernst Kotcher, Wiener Allgemeine Poli- 
klinik Mariannengasse 10, A-1090 Wien, Austria. Meets 
second Tuesday of each month in Allgemeine Poliklinik. 

SociETE RoyaLe BELGE DE RADIOLOGIE 
General Secretary, Dr. Joseph Baeyens, Alost, Belgium. 
Meets in February, March, May, June, September, 
October, November and December. 

SociktE EUROPÉENNE DE RADIOLOGIE PÉDIATRIQUE 
Secretary, Dr. J. Corbaton, Clinica Infantil “La Paz,” 
Av. Generalissimo, 117 Madrid 34, Spain. Annual Meet- 
ing: Madrid, Apr. 24-26, 1975. 

Permanent Secretary, Clément Fauré, Hôpital des Enfants 
Malades, 149, rue de Sèvres, 75 730, Paris Cadet 15, France. 

SociETé FRANCAISE, DE RADIOLOGIE MÉDICALE, MÉDECINE 
NUCLÉAIRE ET uao Ladi; and its branches: Soct- 
ÉTÉ DU SUD-OUEST, DU LITTORAL MÉDITERRANÉEN, DU 
CENTRE ET Lyonnats, DU NORD, DE L’OUEST, DE L’Est, 
pu Massir CENTRAL, D'OUTRE-MER ET D' ETRANGER. 
Parent Society meets third Monday of each month, ex- 
cept during July, August and September, rue de Seine 
12, Paris, France. 

Secretary-General, Dr. Ch. Proux, 9 rue Daru, Paris 
75008, France. 

SociETE FRANÇAISE DE NEURORADIOLOGIE 
Secretary-General, Professeur agr. R. Djindjian 16, rue 
de l'Université 75, Paris 7°, France. Annual meeting. 
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ČESKOSLOVENSKÁ RADIOLOGICKÁ SPOLEČNOST 
Secretary, Associate Professor jeremy Kolář, M.D., 
Sc.D., Radiological Clinic, Praha 2, U nemocnice 2, 
Czechoslovakia. Meets monthly except during July, 
August and September. Annual general meeting. 

Deutscue RÖNTGENGESELLSCHAFT 
President, Professor Dr. med. Walter Frommhold, Di- 
rector of Medizinisches Strahleninstitut der Universitat 
Tiibingen, Rontgenweg 11, 7400 Tübingen, Germany. 

Faco.try or RapioLogisrs oF THE RoYaL COLLEGE or 
SURGEONS IN [RELAND 
Honor. Secretary, Max. J. Ryan, St. Stephen’s Green, 
Dublin 2. Annual Meeting, Oct. 25 and 26, 1974. 

SocretA Irakana pI Rapiotoagia Mepica B MEDICINA 
NUCLEARE 
Administrative Secretary, Prof. E. Conte, Ospedale 
Mauriziano, 10128 Torino, Italy. Meets annually. 

Socretas Rapio.toaica Danica 
Secretary, Dr. Bent Langenfeldt, Tretommervej 20a, DK. 
8240 Risskov, Denmark. 

NEDERLANDSE VERENIGING VOOR RADIOLOGIE 

` Secretary, Dr. J. D. Mulder, Dept. of Rad., Akademisch 
Ziekenhuis, Leiden, Netherlands. 

Norsx Forenrno ror MepicinskK Rapro.oar 
General Secretary, Gunnar Stake, Rikshospitalet, Oslo, 
Norway. 

SCANDINAVIAN RADIOLOGICAL SOCIETY 
Secretary-General, Professor C. F. Unnérus, M.D., Haga- 
lung-Tapiola, Havsvindsvägn 5 C., Finland. Annual 
Meeting. 

SocrepaD EspaRoLa pe RaproLoafa y ELECTROLOGÍA 
MÉDICAS Y DE MEDICINA NUCLEAR 
Secretary-General, Dr, Pilar Gallar Barberá, Villanueva, 
11, Madrid 1, España. Meets every other Saturday eve- 
ning of each month, Oct. to June, inclusive, in Madrid. 

SOCIEDADE PORTUGUESA DE RADIOLOGIA E MEDICINA 
NUCLEAR 
Secretary-General, Dr. Luis Aires de Sousa, Av. Elias 
Garcia, 123- 1, Esg.-Lisboa i-Portugal. 

SVENSK FORENING FOR MeEpicinsK RapioLoar 
Secretary, Dr. Hanz Ringertz, Ro6ntgendtagnostika Av- 
delningen, Karolinska Sjukhuset 104 01 Stockholm 60, 
Sweden. - 

SCHWEIZERISCHE VEREINIGUNG FOR Rapro.oaiz, Nu- 
KLEARMEDIZIN UND STRAHLENBIOLOGIE (ASSOCIATION 
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Suisse pe RADIOLOGIE, MÉDECINE NUCLÉAIRE ET DE 
RADIOBIOLOGIE) 

Secretary, Dr. med. Gustav Schoch, Bethesdaspital, Gel- 
lerstrasse 144, 4000 Basel, Switzerland. 


ASIA 


Bencar RADIOLOGICAL ASSOCIATION | 
Honorary Secretary, Dr. B. Chatterji, 262 Rash Behari 
Ave., Calcutta 7ooo1g, India. Meets 1st Fri. and 3rd 
Wed. of every month. 

Ixnpian RADIOLOGICAL ASSOCIATION 
Honor. Gen. Secretary, Dr. S. P. Aggarwal, 10-B Kasturba 
Ghandi Marg, New Delhi ticooi. 28th Indian Congress of 
Rediology will be held in Hyderabad in 1975. 

INDONESIAN RADIOLOGICAL Society 
Secretary, Dr. Gani Iljas Sasmitaatmadja, Radiol 
Dep., Faculty of Medicine, University of Indonesia, 
Salemba 6, Jakarta, Indonesia. 

IRANIAN RADIOLOGICAL SOCIETY 
Secretary, Dr. mate Rooholamini, P.O. Box No. 14-1151, 
Teheran, Iran. The Society meets on the second Satur- 
day of each month. sth Iranian Congress of Radiology, 
Apr. 12-17, 1975. 

IsraEL RADIOLOGICAL Society 
Secretary, Dr. M. A. Lerner, Hesharon Hosp., Petah- 
Tigva, Israel. 

PuiLippine CoLtece oF RADIOLOGY 
Secretary-Treasurer, Dr. Eduardo V. Nievera, Box 1284 
Commercial Center, Makati, Rizal D-708, Philippines. 
Meets every second Thursday of the month. f 

RADIOLOGICAL SocteTy oF THAILAND 
Secretary, Prof. Rojana Suvansuthi, M.D., Ph.D., 
Depart. of Rad., Sirizaj Hospital, Faculty of Medicine, 
Mahidol University, Bangkok 7, Thailand. 


ÁFRICA 


ASSOCIATION oF RapvioLocistrs or WEST ÀFRICA 
Honor Secretary, C. A. Beetlestone, M.B., B.S., 
D.M.R.D., Dept. Radiol., University College Hosp., 
Ibadan, Nigeria. 

RADIOLOGICAL SOCIETY oF SOUTH AFRICA 
Secretary, Dr. A. Visser, P. O. Box 8850, Johannesburg, 
South Africa. 

SOUTH Arrican INTERNATIONAL RADIOLOGICAL CONGRESS 
Director, Dr. Paul Sneider, P.O. Box 4878, Johannesburg, 
South Africa. 
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ROENTGEN DIAGNOSIS 
ABDOMEN 


Hoare, A. M. Comparative study between en- 
doscopy and radiology in acute upper gastro- 
intestinal haemorrhage. Brit. M. F., Jan., 
1975, 7, 27-30. (From: King’s College Hos- 
pital, London S. E. 5, England.) 


This study describes 158 patients with acute upper 
gastrointestinal hemorrhage admitted to the King’s 
College Hospital in London. The admissions policy 
at that hospital was such that I group of admitting 
physicians had a policy of immediate endoscopy, and 
the others requested endoscopy only if the emergency 
barium meal. examination findings were negative. 
Both groups used the same surgeons and surgical 
criteria throughout the study. ; 

The endoscopy group consisted of 53 patients in 
all of whom examination was performed within 48 
hours of admission and usually within 12 hours. In 
43, positive evidence of the site of bleeding was 
found. 

Where roentgenologic examination was employed 
in the 105 remaining cases, a firm localization of 
bleeding site was made in only 39 cases. Additional 
findings such as hiatus hernia or deformed duodenal 
bulb were seen in others but were not included in the 
bleeding-site statistics. 

The unusually high incidence of positive diagnosis 
in the endoscopy group was probably due to per- 
formance of endoscopy early in the admission and to 
the group being limited to patients with proved 
hematemesis. Of the 21 patients in the roentgeno- 
logic group who subsequently had endoscopy per- 
formed more than 48 hours after admission, a diag- 
nosis was made only in 12. 

The author feels that if roentgenology is per- 
formed before endoscopy, it delays the endoscopic 
examination until barium has left the stomach com- 
pletely, after which the chance of a positive endo- 
scopic diagnosis is considerably reduced. The disap- 
pointing yield of the roentgenographic examination 
stems from its inability to portray superficia] mu- 
cosal erosions. On the basis of these findings and 
those of similar studies, the author recommends 
prompt emergency endoscopy in patients with acute 
upper gastrointestinal bleeding —R, H. Troupin, 
M.D. 
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GYNECOLOGY AND OBSTETRICS 


Rousseau, J., Fenron, J., and Marutev, G. 
pithéliómas invasifs du col utérin: résultats 

du traitement de 1962 cas traités à la Fonda- 
tion Curie de 1956 à 1967. (Invasive car- 
cinoma of the cervix: results of treatment of 
1962 cases at the Curie Foundation from 
2956.to 1967.) Bull. du cancer, Oct.—Dec., 
1974, 62, 457-472. (Address: Dr. J. Rous- 
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seau, Fondation Curie-Institut du Radium, 
26, rue d’Ulm, 75231 Paris Cedex os, 
France.) 


Cervical carcinoma can be treated with satisfac- 
tory, but not yet excellent results, benefiting from 
close co-ordination of surgery and radiation therapy 
treatment. 

Five year survival rates were available for 1962 
women treated during a 12 year period. By interna- 
tional staging there were 28 per cent Stage 1, 41 per 
cent Stage 11, 27 per cent Stage m1, and 4 per cent 
Stage Iv under consideration. Endotherapy was by 
radium by the method of Regaud. External radiation 
therapy was generally delivered by 4 rectangular 
ports by 600 kV x-ray or telecobalt. 

Stage 1 was treated by either radium application 
followed by surgery, or radium application plus 
moderate external beam followed by surgery, or pure 
external and internal radiation therapy. Stage 11 was 
treated by either external and internal radiation 
therapy followed by surgery, or by pure radiation 
therapy by both modalities. Stages 111 and Iv re. 
ceived external beam and, when possible, internal 
radium. 

The over-all 5 year cure rate in the series was 53 
per cent, improving somewhat in the latter years of 
treatment. 

Stage I rate was 81 per cent. This became 88 per 
cent in those cases in which the cervix was negative 
after irradiation and the lymph nodes not involved, 
and reduced to 62 per cent for histologically proved 
positive lymph nodes. 

Stage II rate was 55 per cent survival at 5 years. 
However, in patients with only slight parametrial or 
vaginal involvement the rate was 71 per cent, and 
with extensive involvement 41 per cent. “Slight” 
Stage 11 with negative lymph nodes had 81 per cent 
rate. 

Stage 11I rate was 30 per cent. It was 40 per cent 
if only 1 parametrium was involved and the intra- 
venous urogram was normal; 24 per cent if there was 
bilateral parametrial involvement; and 7 per cent 
when ureters were compressed on urography. 

Stage Iv survival rate was only 10 per cent, 
emphasizing the need for earlier detection.—_A/an E. 
Oestreich, M.D. 


GENITOURINARY SYSTEM 


Darinka, Murray K., Larry, James FE. 
Rancier, Lee F., and Mara, Jurio. Nephro- 
megaly in hemophilia. Radiology, May, 1975, 
115, 337-340. (Address: Murray K. Dalinka, 
M.D., Department of Radiology, Thomas 
Jefferson University Hospital, 11th and 
Walnut Streets, Philadelphia, Pa. 19107.) 


Hematuria is a well recognized manifestation of 
the generalized bleeding diathesis in the hemophiliac 
patient. Various renal abnormalities consequent to 
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this urinary tract bleeding have been detailed pre- 
viously in the literature. Some of these abnormalities 
consist of: obstructive uropathy secondary to calculi 
or blood clots; calyceal defects resembling papillary 
necrosis; bilateral renal enlargement secondary to 
numerous cortical cysts; unilateral renal enlargement 
secondary to intrarenal hematoma; and amyloidosis 
of the kidneys. 

Changes in renal size have been noted often as an 
incidental finding in hemophiliac patients and renal 
enlargement without obstruction is not an uncom- 
mon finding. . 

The authors reviewed the urograms on 12 patients 
with hemophilia seen during the past 12 years and 
noted that renal enlargement was described in 4 
cases. Three of these cases also showed a pseudo- 
tumor in an iliac wing. The relationship of the 
pseudotumors of the ilium to the urinary tract fnd- 
ings was not apparent. The 1 factor common to all 
of their patients with nephromegaly is multiple 
transfusions. This has also been noted in patients 
with sickle cell anemia or thalassemia. The cause of 
the nephromegaly has not been explained.—Donald 
N. Dysart, M.D. 


Nervous SYSTEM 


Duwnick, N. REED, and CASTELLINO, RONALD 
A. Arteriographic manifestations of ganglio- 
neuromas. Radiology, May, 1975, 775, 323- 
328. (Address: Ronald A. Castellino, M.D., 
Department of Radiology, Stanford Uni- 
versity Medical. Center, Stanford, Calif. 
94305.) 

Ganglioneuromas are rare, benign tumors arising 
from sympathetic ganglia, and are usually found in 
the neck, posterior mediastinum or retroperitoneal 
space. The roentgenographic findings are those of a 
soft tissue mass, often ovoid in shape, which at times 
contains mottled calcifications. They may attain 
sufficient size to displace adjacent organs, and oc- 
casionally may present as a “dumbbell tumor” with 
neuroforaminal widening and spinal cord compres- 
sion. Ganglioneuromas are more common in females 
and 60 per cent of the patients are under the age of 
20, Although patients are usually asymptomatic; 
chest pain, abdominal distention, ptosis and altered 
gait have been reported. Also, hormonally active be- 
nign ganglioneuromas may cause diarrhea or episodic 
hypertension, sweating and flushing suggestive of a 
pheochromocytoma. 

The authors present the angiographic findings of 
4 patients with ganglioneuromas. In each of the 
authors’ 4 cases, a large vascular mass was demon- 
strated on arteriography. The vessels supplying the 
tumors were variable and dependent on the location 
of the mass. Stretching and displacement of the 
adjacent opacified vessels were helpful in defining 
the extent of the tumor. Abundant neovascularity 
was present in each case. The neovascularity was not 
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typical of that seen in the usual vascular malignant 
tumor, in that no sudden changes in arterial caliber, 
arteriovenous shunting, contrast laking or puddling, 
or fine, bizarre vessels were seen. Instead, the ap- 
pearance was more like extremely serpiginous and 
meandering vessels, tending to cluster in nodular 
areas, with adjacent avascular lakes. Arterial encase- 
ment was not noted on any of the angiograms, Ar- 
terial encasement, however, may be seen on angio- 
grams of neuroblastomas. Nevertheless, at present 
the authors do not believe it is possible to distinguish 
with confidence the benign ganglioneuroma from the 
malignant neuroblastoma on the basis of the arterio- 
graphic findings,—E. 7. Schoolar, M.D. 


SKELETAL SYSTEM 


Wittse, Leon L., Wipe, Erie H., JR., and 
Yuas, Hansen A. Chymopapain chemo- 
nucleolysis in lumbar disk disease. ¥.4.M.2., 
Feb.. 1975, 237, 474-479. (Address: Leon L. 
Wiltse, M.D., 2840 Long Beach Boulevard, 
Suite 410, Long Beach, Calif. 90806.) 


“Chenonucleolysis” to indicate a chemical disso. 
lution cf the nucleus pulposus by intradiskal injec- 
tion of zhe enzyme, chymopapain, has had a world. 
wide use in more than 15,000 cases to date. Since 
1968 the Orthopedic Department of Long Beach 
Memorial Hospital Medical Center, Long Beach, 
Califorria and the Department of Orthopedic Sur- 
gery, College of Medicine, University of California, 
have performed over 1,200 chemonucleolysis. The 
experierce in the first 500 cases, now over 3 years 
post injection, were reviewed, 

The enzyme, chymopapain, acts on the central 
contents of the intervertebral disk by hydrolyzing 
and dissolving the noncollagenous protein that inter- 
connecta long chain mucopolysaccharides and its 
highly specific for the nucleus pulposus as compared 
to the 3urrounding fibrous tissue of the annulus. 
Toxicologic studies have been performed on rabbits, | 
dogs and monkeys. Doses up to 100 times greater 
than required to consistently dissolve the nucleus 
pulposus were well tolerated when injected intra- 
venouslv, intradiskally and epidurally. Intrathecal 
injections can be toxic but injection at the L3 level 
requiresa dose 3 times that of injection at the cister- 
nal level to affect the same toxic effect. Other studies 
utilizing injection of sub-lethal intrathecally admin- 
istered chymopapain revealed no evidence of arach- 
noiditis anywhere along the spinal cord or about the 
brain in dogs killed up to one year post injection. 
Massive epidural doses caused no neural adhesions, 
dural thickening nor epidural scarring. This is ex- 
tremely important because in about 1 in 4 humans 
there is leaking of chemopapain into the extradural 
space at the time of injection. 

The same criteria were used in selecting patients 
for cherronucleolysis as have traditionally been used 
in decid ng on laminectomy, with the following ex- 
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ceptions or contraindications: history of allergy to 
papaya or meat tenderizers; presence of a rapidly 
progressing neurological defect; neurological deficit 
producing bowel or bladder disturbance; complete 
block on myelogram; and any possibility of spinal 
cord tumor or pregnancy. No patient who would not 
also have been considered for laminectomy received 
chymopapase injection. Each candidate was thor- 
oughly examined including roentgenograms, myelo- 
gram, spinal fluid analysis and cytological testing. 
Diskography was done on all cases as part of the in- 
jection procedure. 

Diskography at the level considered for chymo- 
papain injection is done at the time of chemonucleo- 
lysis to insure proper needle placement, to avoid in- 
jecting fairly normal appearing disks as seen on dis- 
kography, and very rarely to demonstrate a direct 
communication between the nucleus pulposus and 
subarachnoid space. Iothalamate has been shown to 
be considerably less toxic than diatrizoate when 
given intrathecally and therefore iothalamate was 
used for all diskograms. 

An especially equipped roentgenographic room, 
utilizing image intensified fluoroscopy and a C-arm 
fluoroscopy unit to afford biplane fluoroscopic con- 
trol for needle insertion, was utilized with the patient 
placed in the left decubitus position. Six to 8 mg. of 
chymopapain were injected by a 15 cm. 22 gauge 
spinal needle threaded through a previously placed 
10cm. 18 gauge disposable spinal needle with the tip 
of the longer needle centered within the disk. Six to 
8 mg. of chymopapain were then injected into each 
appropriate disk space. Following the procedure the 
patients were allowed to walk as soon as they felt 
able. The average hospital stay was 5 days. 

During the procedure, done under local anesthesia, 
an anesthesiologist and an especially trained nurse 
were available in the event that anaphylaxis oc- 
curred. This has been observed in approximately 1 
per cent of the patients world-wide. There were 9 
cases of anaphylaxis in this entire series of 1,200 pa- 
tients. I"ifteen others developed a rash, usually as- 
sociated with a moderate drop in blood pressure, and 
II patients reported delayed urticaria at 9 to 14 days 
post injection. In the last 600 cases the patients were 
pre-medicated with 250 mg. hydrocortisone and ṣo 
mg. of Benadryl and only 1 case each of moderately 
severe and very mild anaphylaxis occurred. Three 
patients suffered foot drop and 1 continues to have 
some dorsiflexor weakness. There have been no disk 
space infections, but there was 1 case of diskitis oc- 
curring after diskography. 

Seventy-four per cent of the patients stated they 
achieved their optimum results within the first 
month following injection. Seventy-two per cent of 
the patients undergoing 1 level injection were given 
excellent, good, or fair ratings while 80 per cent of 
those with 2 level injections and 77 per cent of those 
with 3 level injections were given similar ratings. 
Statistics were not compiled but it is the feeling of 
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the authors that chances of successful relief of pain 
are at least as good if an extruded fragment is present 
prior to treatment. After chemonucleolysis, disk 
space narrowing occurs rapidly. Careful follow-up 
examinations indicate that the patient who has had 
several previous back operations, especially if he has 
had a spinal fusion, does not often profit from 
chemonucleolysis. 

Of the 112 cases of chymopapain therapy, 56 pa- 
tients subsequently required surgery and there was 
good follow-up information available on 30 patients. 
There was a single case of sequestered disk fragment 
found at subsequent surgery. In 17 of 25 levels a 
definite hard bulge of annulus was described and this 
combined with disk space narrowing was thought by 
the operating surgeon to be causing nerve root pres- 
sure. At 5 levels spinal stenosis was diagnosed and 
at 5 other levels a previously injected disk contained 
a normal appearing nucleus pulposus indicating the 
enzyme either failed to act or the needle was not 
accurately positioned prior to injection. It is the 
authors’ belief that chances of relieving pain by 
laminectomy after chemonucleolysig‘ js as good as if 
chemonucleolysis had not first been performed. 

One hundred and twenty-five patients randomly 
selected, who originally had definite neprological defi- 
cits macladine diminished deep tendon reflexes and 
motor weakness of sensory deficits, were re-evaluated 
neurologically 1 year post injection. Sixty-one per 
cent of those with initially absent deep tendon re- 
flexes were rated normal, 84 per cent with gross 
muscle weakness reverted gradually over several 
months and 77 per cent with sensory deficits re- 
verted within 3 weeks.— John T. Underberg, M.D. 


MCALLISTER, V. L., KENDALL, B. E., and Butt, 
J.W. D. Symptomatic vertebral haenangid 
mas. Brain, March, 1975, 98, 71-80. (From: 
The National Hospital for Nervous Diseases, 
Queen Square, London WC, England.) 


The authors point out that the majority of verte- 
bral hemangiomas are silent clinically and: exhibit 
characteristic vertical striations in involved vertebral 
bodies. Nine cases are discussed to point out that 
neurological complications may occur and the roent- 
genological changes may be atypical. Most spinal 
hemangiomas are in the thoracic region but occa- 
sionally they occur in the cervical and lumbar areas. 
Expansion of an involved vertebra can lead to nar- 
rowing and deformity of the spinal canal. Compres- 
sion fracture is rare as 1s extradural hematoma sec- 
ondary to the hemangioma. Occasionally plain 
roentgen rays are negative and although myelogra- 
phy can be helpful if there is tumor compression of 
the theca, spinal angiography can confirm the diag- 
nosis. It is pointed out that vertebral collapse is rare 
in hemangiomas and differentiation from Paget's 
disease is usually not difficult. Angiography is done 
by the intercostal arterial route. 
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It is pointed out that laminectomy is hazardous 
because of the possibility of hemorrhage, but the 
danger is lessened if spinal angiography defines the 
arterial supply preoperatively. Embolism or ligation 
can be employed to reduce the vascularity also. 
Radiation therapy is discussed and this has produced 
good results in vertebral hemangiomata in the past. 

The authors summarize that most of the hemangi- 
omata, which became evident clinically in the cases 
which they described, did fill because of spinal cord 
or nerve root compression from extradural tumor, 
bony expansion or a combination of these. The classi- 
cal roentgenologic pattern of accentuated vertical 
striation or honeycomb pattern is easily recognized 
but atypical features such as apparent pedicle ero- 
sion, paravertebral soft tissue mass and bone expan- 
sion can occur. The great importance of preoperative 
spinal angiography is stressed.—Robert P. Andrews, 
M.D. 


TENNER, R. Roéntgenologische Veränderungen 
bei der Materialwanderung am künstlichen 
Hüftgelenk. (Roentgenological changes due 
to displacement of alloplastic materials of 
artificial hip joints.) Fortschr. a. d. Geb. d. 
Réntgenstrahlen u. d. Nuklearmedizin, Nov., 
1974, 727, 591-597. (Address: AK. St. Georg, 
2 Hamburg 1, Lohmühlenstrasse 5, Ger- 
many.) 


Migration of alloplastic material of artificial hip 

joints occurs when a disproportion of weight and load 
Capacity exists. Pathophysiologically as well as 

roentgenographically 3 types of migration can be 
differentiated: decreased load capacity of bone; in- 
adequate mechanical anchoring of the alloplastic 
material; and a combination of both. 

Decreased load capacity of bone is most frequently 
caused by infection, whereby not only osteolysis but 
also sclerotic bone, which is softer than normal bone, 
open the way for migration. Frequently the infec- 
tion-related migration of the alloplastic material is 
combined with loosening of the material. Osteo- 
porosis is another although rare cause of migration 
due to reduced load capacity. Insuficient mechanical 
anchoring is caused by a too small contact area be- 
tween prosthesis and bone. Roentgenographically, 
the socket projects either too far laterally or pro- 
trudes centrally. A combination of inadequate load 
capacity and mechanical anchoring is usually caused 
by infection superimposed on an inadequately 
anchored prosthesis. Artificial hip joints that have 
been replaced previously because of infection are 
prone to develop this complication. The combination 
of osteoporosis and insufficient mechanical anchoring 
is rare. 

The direction of migration depends on the contour 
of the pelvis and femur, construction of the prosthe- 
sis, surgical technique, and acting forces. The allo- 
plastic material migrates craniomedially if the inner 
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cortex of the pelvis is destroyed by infection or surgi- 
cal manipulation, and craniolaterally if the mechani- 
cal anchoring is inadequate laterally. Rotation of the 
socket can also occur. In the femur, the prosthesis 
migrates caudad. If the femoral shaft is affected by 
osteomyelitis, the stem can protrude through the 
destroyed cortex either medially or laterally.— 
Peter F. Winter, M.D. 


Huvos, ANDREw G., and Marcove, Ratpu C. 
Adamantinoma of long bones: a clinicopatho- 
Jogical study of fourteen cases with vascular 
origin suggested. F. Bone & Joint Surg., 
March, 1975, 57-4, 148-154. (Address: An- 
drew G. Huvos, M.D., 1275 York Avenue, 
New York, N. Y. 10021.) 


The authors review 14 cases of adamantinoma seen 
at the Memorial Sloan-Kettering Cancer Center, be- 
tween 1920 and 1973, all of which were histologically 
proved. Malignant hemangioendothelioma was care- 
fully excluded. The tumors have a cellular pattern 
with vascular spaces adjacent to, and merging with, 
solid tumor cells which suggests angioblastic pro- 
liferation in addition to the monophasic epithelial 
pattern. Two cases had tissue cultures which sug- 
gested a mesenchymal origin, rather than epithelial 
or synovial, which have been postulated in previous 
cases. 

Twelve tumors were in the tibia and 2 in the 
humerus. The age range was 13-67, equally divided 
as to sex. The usual roentgen-ray appearance was a 
sharply defined eccentric defect in the diaphysis of 
the tibia with marginal sclerosis. The cortical bone 
loss over the lesion was typically “‘saw-tooth.”’ There 
may be an expanding honeycomb lesion with coarse 
trabeculae. In 6 cases there were extra cortical soft 
tissue extensions. Occasionally, there is marked 
periosteal bone formation. The tumor may be multi- 
focal and of greater extent than obvious from the 
films. The differential diagnosis includes chondro- 
sarcoma, metastatic carcinoma, eosinophilic granu- 
loma and angiosarcoma. 

Curettage was done 11 times in 8 patients and in 
only 1 small lesion did this result in long-term cure. 
Since the tumor has a long natural course with local- 
ized disease, amputation even after recurrence was 
curative in 7 of g cases. Two patients developed 
pulmonary metastases, one at 2 and the other at 5 
years. Ore case had a metastasis to the humerus 
from the tibia. In addition, metastases have been 
reported to lymph nodes and abdominal viscera. 
Curettage and en bloc resection were unreliable and 
amputation is considered to be the preferred de- 
finitive treatment.—Martha Mottram, M.D. 


Duncan, Jan W., SCHRANTZ, James L., and 
Nasca, Ricard J. The bizarre stiff hip: 
possible idiopathic chondrolysis. 7.4.M.4., 
Jan., 1975, 237, 382-385. (Address: Richard 
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J. Nasca, M.D., The Orthopaedic Clinic, 30 
Evergreen Place at 1100 N. University, Little 
Rock, Ark. 72207.) 


Chondrolysis is a well-recognized clinical entity 
with an over-all reported incidence of 8.2 per cent 
in slipped capital epiphysis and is infrequently 
found secondary to immobilization or severe trauma. 

The authors, from the Department of Ortho- 
paedics, University of Arkansas Medical Center, re- 
port 5 cases of previously undescribed idiopathic 
chondrolysis of the hip. Diagnosis was based on the 
following criteria; onset in early adolescence, painful 
hip and limp, progressive stiffness of the hip, narrow- 
ing of the articular cartilage space with maintenance 

of femoral head contour, nonspecific synovitis on 
biopsy, and no identifiable cause, such as chronic 
monoarticular arthritis, tuberculosis, fungus, pyro- 
genic arthritis or slipped capital femoral epiphysis. 

Roentgenographically the earliest findings con- 
sisted of capsular distention and osteoporosis with 
the thigh held in an abducted, externally rotated 
position which led to pelvic obliquity on the antero- 
posterior roentgenogram. As the disease progressed 
there was narrowing of the joint space and finally 
there could be premature closure of the physis, sub- 
chondral cysts and osteophyte formation. 

The cases involved a 13 year old boy and 4 girls, 
ages II to 13, with bilateral hip involvement in 1 
patient. The patients presented with a painful hip. 
Laboratory work-ups, including sedimentation rates, 
were generally within normal limits. Ankylosis oc- 
curred in 4 of the 6 involved hip joints. In unilateral 
cases the authors believe immobilization in a position 
of function is the treatment of choice, as without im- 
mobilization ankylosis with excessive flexion results. 
—Fohn T. Underberg, M.D. 


Sim, Frankxiin H., Danun, Davin C., and 
Beasout, Joun W. Osteoid-osteoma: diag- 
nostic problems. J. Bone E Joint Surg., 
March, 1975, 57-4, 154-159. (Address: 
Franklin H. Sim, M.D., 200 First Street, 
S. W., Rochester, Minn. 56901.) 


Osteoid-Osteoma (OO) has typical clinical and 
roentgen findings and is surgically curable. In some 
patients, however, surgery fails to identify the nidus 
and it will not be shown on the histological examina- 
tion. To determine whether such patients are cured 
or have persistent symptoms, 54 cases were investi- 
gated at the Mayo Clinic. All of the patients had 
typical pain, usually accentuated at night and re- 
lieved by aspirin. Some had swelling, tenderness or 
muscle atrophy, but no clinical evidence of inflam- 
mation. Forty-eight per cent of the patients had 
symptoms for less than 1 year. Forty-three lesions 
were in the lower extremities or pelvis, mainly in the 
femur and tibia. Seven lesions were located in the 
upper extremities and 4 in the spine. In cancellous 
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bone, there was central rarefaction with surrounding 
sclerosis. Cortical lesions showed sclerosis with a 
central lucent zone in 47 and a calcified nidus in 4. 

The lesions were excised and 2 were Brodie’s ab- 
scesses. The other 52 had non-diagnostic pathological 
specimens; sclerotic bone, no inflammation and nega- 
tive cultures. Of this group, 29 had relief of symp- 
toms. Because of persistent symptoms still suggesting 
OO and roentgen-ray appearances compatible with 
this diagnosis, 18 patients had a second operation 5 
months to 6 years later (average 2.5 years). Thirteen 
of these patients had relief of symptoms with a nidus 
found in 7 instances. Of the § who had no relief fol- 
lowing the second operation, 1 was later found to 
have a parosteal osteogenic sarcoma. Even though 1 
patient had had a radical en db/oc resection, no nidus 
was found. A nidus was eventually found in 2 others 
after a third operation with relief of symptoms. The 
fifth patient had extensive excision of the sclerotic 
area in the femoral neck with grafts; no nidus was 
found and symptoms persisted 13 months later. Of 
the § patients having no relief following the initial 
surgery and refusing further operative procedure, I 
was found to have a gastric carcinoma as the cause 
of pain; one had sclerotic bone and probably a de- 
generative cyst; the other 3, in spite of en bloc ex- 
cisions, had persistent symptoms. 

The 36 patients who had no nidus found at surgery 
(29 initially, 6 with a second operation and 1 witha 
third) could have had an extremely small nidus 
which was overlooked by the surgeon and pathologist 
or the specimen may have been damaged in surgery 
so as to obscure the nidus. En bloc resection was 
shown to be the most successful procedure with relief 
of symptoms in 38 of 50 patients and curettage gave 
relief in 7 of 22. 

Since symptoms persist whenever the nidus is not 
completely removed, the authors urge verification of 
the lesion by roentgen ray after en bloc resection. 
Serial blocks may be necessary to identify a small 
nidus.—Martha Mottram, M.D. - 


LARSSON, SVEN-ERIK, LoRENTzON, Ronny, and 
Boquist, LENNART. Giant-cell tumor of 
bone: a demographic, clinical, and histopa- 
thological study of all cases recorded in the 
Swedish Cancer Registry for the years 1958 
through 1968. F. Bone & Foint Surg., March, 
1975, 47-4, 167-173. (Address: Dr. Sven- 
Erik Larsson, University of Umea. gor 85 
Umeda, Sweden.) 


This is a report of all giant-cell tumors (GCT) 
recorded in the Swedish Cancer Registry for the 
years 1958-1968. Seventy-five cases were registered 
and 73 were available for review. The authors found 
that 53 were true GCT and 20 were variants. Seven 
of the latter were reclassified as non-osteogenic 
fibroma,.6 as aneurysmal bone cysts and others as: 
fibroxanthomatougs giant-cell tumor, reparative 
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granuloma, pigmented villonodular synovitis, benign 
chondroblastoma, myeloma or undifferentiated sar- 
coma. 

For the true GCT there was good correlation be- 
tween the initial and final histopathological diagnosis 
as regards malignancy. Out of 5 initially considered 
benign, only 4 were reclassified Grade nı and one 
initially considered malignant was determined to be 
Grade 1. Of the GCT, 11.3 per cent were malignant. 

The incidence of GCT was 7.8 per cent of all re- 
portable bone tumors (not including myeloma). 
There was a higher incidence in the urban population 
than in rural Sweden. There were 3 age peaks: 15—25, 
30-40 and 55-70. Twelve patients were under 20 and 
17 of these were males. The skeletal distribution was 
not unusual, with the greatest number located 
around the knee and this area also had the highest 
recurrence rate. 

The signs, symptoms and roentgen findings did 
not vary from the usual. It was noted that 3 of the 
GCT less than 2 cm. in size recurred after primary 
treatment. There was no correlation between tumor 
size and recurrence rate, but tumors extending into 
the soft tissues showed a higher rate of recurrence 
than those confined to bone. Primary therapy varied 
but resection was most successful. Results were re- 
lated to the type of treatment and not to the histo- 
pathological grade of the tumor. The recurrence rate 
was 42 per cent. Curettage, alone, had a recurrence 
rate of 28 per cent and resected tumors 14 per cent. 

There were 9 deaths, 6 of which were due to the 
malignant course of the tumor; 2 were due to other 
maliznancies and 1 to an abscess in the region of the 
tumor. 

Curettage and grafting are advocated only for pa- 
tients under 25. Resection is urged whenever possible 
as the initial treatment in all others. When the soft 
tissues are involved, either radical resection or ampu- 
tation should be the primary treatment.—Martha 
Mottram, M.D. 


BLoop anp Lympu SYSTEM 


Spiers, A. S. D., BAKIE, A. G., GALTON, 
D. A. G., Ricnarps, H. G. H., WiLTSHAW, 
E., Gotpman, J. M., Carovsxy, D., SPEN- 
CER, J., and Pero, R. Chronic granulocytic 
leukaemia: effect of elective splenectomy on 
the course of disease. Brit. M. F., Jan., 1975, 
Z, 175-179. (Address: Dr. A. S. D. Spiers, 
M. R. C. Leukaemia Unit, Royal Postgradu- 
ate Medical School, London W12 OHS, En- 
gland.) 


Fifty years ago the median survival from diagnosis 
of untreated patients with chronic granulocytic 
leukemia was 19 months. More recent studies follow- 
ing treatment with radiation therapy and bulsulphan 
or with dibromannitol indicate that current therapy 
improves the quality of life and extends its duration 
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about 20 months. In a study of the Medical Research 
Council, over 70 per cent of the patients died with 
uncontrolled leukemia after the disease had under- 
gone metamorphosis to a more refractory acute or 
subacute stage. 

Despite some recent improvements, once meta- 
morphosis has occurred treatment is not strikingly 
effective in prolonging life. The authors previously 
have suggested elective splenotomy early in the 
course of the disease which might prolong survival 
by deferring metamorphosis. Patients with chronic 
granulocytic leukemia who have had particularly 
long survival, seem to include an unusual proportion 
with a relatively slight splenomegaly before treat- 
ment or prolonged regression of splenic enlargement 
after treatment, and a few patients who have under- 
gone splenectomy for a variety of reasons have had 
hematological remissions without chemotherapy. 
Pharmacodynamic or immunological factors may 
make the spleen a particularly suitable site for the 
emergence of aberrant clones. If so, its removal 
might be expected to postpone metamorphosis al- 
though not prevent it. 

The authors report their experience 9 years follow- 
ing the inception, with a study involving 26 patients 
between the ages of.16 and 64. Patient acceptability 
for the study was based upon an unequivocal diag- 
nosis of chronic granulocytic leukemia still in its 
chronic phase, a satisfactory clinical and hematologi- 
cal response to initial treatment, willingness to un- 
dergo splenectomy and absence of other illness mak- 
ing for poor surgical risk in patients below the age of 
65 years. Prior to surgery, an attempt was made to 
reduce the platelet count to less than 200XI0* per 
liter. The Ph chromosome was identified and bone 
aspiration done to exclude the presence of myelo- 
fibrosis. 

There were no operative or postoperative deaths. 
Deep venous thrombosis and pulmonary embolism 
occurred in 1 patient, pleural effusion, peritonitis and 
paralytic ileus in another, and sterile wound dis- 
charge in a third. A series of hematologic changes 
were observed with consistency in almost every pa- 
tient. The total leukocyte count rose 3 to 6 times its 
preoperative value peaking at 24 to 48 hours and 
then returning spontaneously to the original value 
in a similar period of time; the neutrophil alkaline 
phosphatase level rose 5 to 10 times its preoperative 
value within 72 hours and remained raised for weeks 
or months; and the platelet count rose to a peak at 
7 to 10 days to a value 4 to 6 times the preoperative 
value and required weeks or months to return to its 
former level. Clinical and hematological control after 
splenectomy were satisfactory so long as the disease 
remained in its chronic phase just as it is in patients 
who have not undergone splenectomy. Treatment 
with bulsulphan or other drugs was no more difficult 
than in nonsplenectomized patients; in particular, 
the doses required did not differ significantly. Apart 
from the occurrence of thrombocytosis exceeding 
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100X 10? in I of 14 patients, the hematologic data 
were unremarkable. It remains uncertain if the ac- 
cepted indications for resumptions of interrupted 
bulsulphan therapy in nonsplenectomized patients 
also apply to those who have undergone splenectomy. 

Nineteen patients underwent splenectomy within 
12 months of diagnosis. Since 21 patients remained 
alive at the time of the review article, the eventual 
median survival was unknown. Two of § deaths were 
due to intercurrent unrelated disease and 3 patients 
died with uncontrolled chronic granulocytic leukemia 
in metamorphosis; 2 further patients have undergone 
metamorphosis of their disease. Statistical compari- 
son of the results in the experience of bulsulphan 
treated patients in the Medical Research Council 
study, who also had a satisfactory response to initial 
treatment with bulsulphan, suggested that 10 cases 
of metamorphosis would have been expected in the 
period of observation had a 4 month correction fac- 
tor- been introduced to compensate for any selec- 
tivity effects based upon mild-symptoms and lack of 
hematologic deviations preceding clear-cut meta- 
morphosis. Even with this correction, the difference 
is believed significant. 

The mechanism whereby splenectomy might post- 
pone the metamorphosis is unknown, but the re- 
moval of a site particularly suitable for the develop- 
ment of aneuploid cell clones with anaplastic proper- 
ties is hypothesized. The results of the study would 
appear to justify its further evaluation by a con- 
trolled clinical trial. It appears that splenectomy 
postpones the metamorphosis from the chronic to 
acute phase of granulocytic leukemia. No patients 
have developed myelofibrosis, but the authors accept 
that myelofibrosis is a relative contraindication to 
elective splenectomy. It is not yet established 
whether splenectomy significantly prolongs the dura- 
tion of life after metamorphosis has occurred, but the 
quality of life appears improved. Along with the ab- 
sence of distressing symptoms of splenic origin, the 
patients show less need for blood and platelet trans- 
fusions. Tolerance to antileukemic drugs seems to 
have been improved and patients were hospitalized 
for shorter durations following metamorphosis,— 
Fohn T. Underberg, M.D. 


RADIATION THERAPY 


Cuam, Witiram C., Frermman, Arvin H, 
CarsTens, Per H. B., and Cuu, FLORENCE 
C. H. Radiation therapy of cardiac and peri- 
cardial metastases. Radiology, March, 1975, 
114, 701-704. (Address: William C. Cham, 
M.D., Department of Radiation Therapy, 
Memorial Sloan-Kettering Cancer Center, 
1275 York Avenue, New York, N. Y. 10021.) 
Thirty-eight patients with disseminated malignant 

neoplasm and cardiac metastases received external 

kheam roentgen-ray therapy for their cardiac involve- 
ment. Neoplasms most frequently responsible were 
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breast, lung, lymphoma, and leukemia. Clinical 
manifestations were determined by location and size | 
of the tumor. r 

The most common manifestation was pericardial 
involvement with effusion. Dyspnea was the earliest 
and most striking symptom. Roentgenographic en- 
largement of the heart silhouette occurred in 30 pa- 
tients, and 16 had cytology positive pleural effusion. 
Electrocardiographic results were non-specific, and 
low voltage was the most frequent abnormality, 
Thirty-seven patients had clinical and roentgeno- 
graphic evidence of pericardial involvement. Nine 
also had evidence of myocardial involvement with 
arrhythmias and heart block. Angiocardiography 
was the most reliable diagnostic procedure in estab. 
lishing the presence of pericardial effusion, and ultra- 
sound was also useful. Pericardiocentesis was per- 
formed on 27 patients. Twenty had hemorrhagic ef- 
fusion, 6 had serosanguineous fluid, and 1 had solid 
tumor around the heart. All effusions contained 
malignant cells. 

Radiation therapy included use of opposing an- 
terior and posterior portals, daily doses of 150-200 
rads, and a total tumor dose of 2,500-3,500 rads in 
3-4 weeks, Lymphoma and leukemia patients re- 
ceived a lower dose (1,500-2,000 rads). A significant 
response to treatment was based on relief of cardiac 
symptoms and reversal of abnormal chest roentgen 
ray and EKG findings. The over-all response rate 
was 61 per cent (23/38). 

Ten patients had postmortem examinations, and 
most showed microscopic involvement of peri- 
cardium and epicardium. No severe late radiation 
changes were observed. 

The cancer patient with sudden onset of tachy- 
cardia, arrhythmia or congestive failure should be 
suspected of cardiac metastases. An enlarged cardiac 
silhouette on chest roentgenogram and conduction 
defects and low voltage on EKG are virtually con- 
firmatory. Ultrasonic and angiographic demonstra- 
tion of effusion or pericardiocentesis establishes the 
diagnosis. Irradiation of cardiac metastases is worth- 
while. The total tumor dose will depend on any 
previous radiation therapy to the mediastinum and 
the radiosensitivity of the tumor.—0O. D. Skinner, 
M.D. 


Mitr, Witiiam B. Radiation therapy in multi- 
ple myeloma. Radiology, April, 1975, 775, 
175-178. (Address: Division of Radiation 
Oncology, Mallinckrodt Institute of Radiol- 
ogy, 510 S. Kingshighway, St. Louis, Mo. 
63110.) 


Prior to 1947, the only specific treatment for mul- 
tiple myeloma was radiation therapy. Experience 
showed its effectiveness in relieving bone pain, heal- 
ing pathologic fractures, decreasing the size of extra- 
medullary “plasmacytomas,” and prolonging sur- 
vival in patients with extradural myeloma. After 
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1947, however, chemotherapeutic agents were shown 
to be effective in treating myeloma—melphalan and 
cyclophosphamide have assumed a major role in pro- 
ducing relief of symptoms and prolongation of sur- 
vival. 

The purpose of this retrospective study is to review 
the indications for radiation therapy in this disease 
and analyze its value in a group of 76 patients 
treated at the Mallinckrodt Institute of Radiology, 
Division of Radiation Oncology, between January 1, 
1961 and December 31, 1970. Eleven patients pre- 
sented with localized disease, the remaining 65 had 
disseminated myeloma. 

Those patients with localized disease (solitary 
plasmacytoma) received doses of irradiation between 
1,440 and 5,000 rads. Six patients are alive with no 
clinical evidence of myeloma; 3 are alive with recur- 
rence and 2 died with tumor. It is observed that 
those patients receiving higher doses did better. 

Patients with disseminated myeloma were treated 
for palliation only. Doses over 2,000 rads in 2 weeks 
were more effective than smaller doses and produced 
complete relief of pain in 58 per cent. Only 2 patients 
received no relief of pain. The median survival was 
20 months from the time of diagnosis. 

Complications from the irradiation are described. 
It is noted also that only 5 patients in the entire series 
had a second primary malignancy. 

It is concluded that radiation therapy is effective 
in the treatment of localized plasmacytoma and 
doses of 4,500-5,000 rads in 43 to 5 weeks are recom- 
mended. In patients with disseminated involvement, 
the primary treatment is chemotherapy. Radiation 
therapy is indicated for palliation, and doses of 
2,000-2,500 rads in 23 weeks are adequate to relieve 
symptoms and still preserve some bone marrow 
function in the irradiated area. Because the disease 
permeates the marrow, the entire affected bone 


should be treated.—Pau/ M. Kroening, M.D. 
Branns, Tu., and Wirtic, G. Klinik und 


Strahlentherapie der Hamangiome und 

Lymphangiome: Pathologie und Histologie. 

(Clinical manifestations and radiotherapy of 

hemangiomas and lymphangion.as; pathology 

and histology.) Med. Weit., Oct., 1974, 25, 1697- 

1704. (Address: Dr. Th. Brands, Chefarzt des 

Radiologischen Zentralinstituts, Städtisches 

Krankenhaus, 7700 Singen/Hohentwiel, Ger- 

many.) 

Clinical features and radiation therapy are dis- 
cussed in 27 superficial and 26 subcutaneous he- 
mangiomas and in 12 lymphrngiomas. These 65 pa- 
tients have been followed for the past 10 years. The 
angioblastomas usually appear in early infancy or at 
birth. They may develop almost anywhere in the 
body but are most frequently observed in the face 
and neck. There is a moderate preponderance of girls 
over boys. 
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The tumors may occasionally regress spontane- 
ously but most often present a gradual increase in 
size. Therefore, aggressive radiation therapy is indi- 
cated to halt further spread. An acute emergency 
may also develop when a tumor in the neck presses 
on the trachea and the larynx, thereby causing a 
severe dyspnea. Fortunately, properly administered 
radiation therapy will bring about prompt relief. 

Irradiation of the superficial hemangioma is best 
performed with a strontium dermaplate; single doses 
varying from 100 to 1,000 reps at an average of 300 
reps and a total dose of 500 to 3,000 reps. Conven- 
tional radiation therapy is indicated when the tumor 
response remains poor. In cases with recurrence, 
therapy with radiocobalt is suggested with single 
doses varying from 50 to 300 rads at an average Of 
100 rads and a total dose up to 7,700 rads (or reps for 
treatment with Sr®°).—Ernest Kraft, M.D. 


RADIOISOTOPES 


Go, Rarmunpo T., Tonami, Norrnisa, SCHA- 
PIRO, Rotr L., and Caristie, James H. The 
manifestations of diaphragmatic and juxta- 
diaphragmatic diseases in the liver-spleen 
scintigraph. Radiology, April, 1975, 775, 119- 
127. (Address: Raymundo T. Go, Depart- 
ment of Radiology, University of Iowa, 
Iowa City, Iowa 52242.) 


The superior aspects of the liver and spleen nor- 
mally lie in apposition to the inferior surface of the 
diaphragm. A variety of clinical entities may present 
as primary intrathoracic, diaphragmatic disease or 
abnormalities of sufficient magnitude to change this 
normal relationship. The change should be reflected 
in the liver-spleen scintigraph. Changes will be mani- 
fested by an exaggeration of, or a reversal of, the 
normal anatomical relationships of the superior mar- 
gins of the liver and spleen, or by alterations in con- 
tour or axis of the organ involved. 

Rectilinear scintigraphs were obtained after the 
intravenous injection of 4 mCi of Technetium 
(™Tc) sulfur colloid. The dual-5” scintillation scan- 
ner was used primarily because the liver-spleen 
complex could be easily demonstrated on each 
scintigraph. Other advantages are the ease of ob- 
taining opposing views of the liver-spleen, and the 
ability to obtain opposing transmission scintigraphs 
concurrently by simply inserting a 4 mCi 9™T¢ 
source in the center hole of each upper and lower 
probe collimators without moving the patient. 

When viewing the liver-spleen scintigraph, es- 
pecially the posterior, disparity in their respective 
positions becomes readily apparent. This may be due 
to cephalad or caudad displacement of either organ, 
and is an indication of unilateral disease. It is diffi- 
cult to lateralize the organ that is displaced unless 
there is associated change in its contour or axis. 
Associated change on the chest roentgenogram may 
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“be. Kelphil and a transmission scintigraph may be 
required. Bilateral changes may be even more dif- 
cult'to appreciate without a transmission scintigraph, 
but are frequently heralded by “flattening” of the 
superior margins of both the liver and. the spleen 
image. 

It is worthwhile to compare the liver-spleen 
scintigraph to chest roentgenograms as a primary 
approach, for most cephalad displacement of either 
organ can be explained in this manner. Caudad dis- 
placement of either, or both, may also be explained 
by chest changes, but may require closer inspection 
` of the scintigraphs for contour or axis changes of the 
organs, or transmission scintigraphs to define the 
true relationship. of the displacement.—F. C. Petty, 
M.D. 


.Ucororr, G., Maonan, C., aad Cerra, C. 
La flebografa periferica mediante Tc®™. 
(Peripheral phlebography with:Tc®™.) Ann. 
radiol. diag., 1974, 45, 123-133. (From: 
Istituto di Radiologia del’ Università di 
Parma, Italy.) 

The authors report in this preliminary note the re- 
sults obtained in a series of patients who were sub- 
` jected to standard phlebography and then to radio- 
nuclide phlebography following the injection of 
Tce pertechnetate. 


To prevent uptake by the thyroid of. the radio-’. 
© nuclide, the patients were given 300 to 500. mg. of 


potassium perchlorate orally shortly before the 
examination. The. amount of pertechnetate intro- 
duced varied between 0.3 cc. to 10 cc., with a concen- 
tration of the radionuclide between 10 to 200 milli- 
curies per cc, respectively. Serial scintiphotographs 
- of the areas under study were performed every I to 
2 seconds in the early phase of the examination, and 
then at longer intervals of time to record the most 
significant findings. The scintillation camera em- 
ployed was a Pho-Gamma II, Nuclear Chicago. 

The series is still rather limited but it is felt that 
the following considerations on radionuclide phlebog- 
raphy can be presented: (1) the examination can be 
safely performed in patients who are allergic to the 
usual contrast agents or who might still suffer from 
an acute episode of thrombophlebitis; (2) satisfac- 
tory information is obtained on the normal or ab- 
normal course of the vessels and on their patency; 
and (3) the persistence of the image of the veins on 
the oscilloscope allows a more detailed and unhurried 
evaluation of the morphology of the vessels. The 
standard phlebography, calling for preset times of 
exposure of the phlebograms, at times results in an 
incomplete documentation. 

A disadvantage of the technique is related to the 
limited power of resolution of the gamma camera. 
In radionuclide phlebograms of the lower leg and 
arm, where the veins are in greater proximity one 
with another, the vessels would appear in the scinti- 
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photograms as a single “trace,” having lost their 
individual image. 

Finally, itis felt that this ahei should be used 
as a screening procedure in ‘the selection of cases to 
be evaluated by standard phlebography, with par- 
ticular attention brought therefore, to the areas of 
greater interest and importance. Similar conclu- 
sions were also drawn by L. Rosenthal in his paper - 
which appeared in the August issue, 1966, Vol. 97, 
of this JournaL.—d. F. Govoni, M.D. 


CuisHoim, G. D., Sport, M. D., and Grass, 
H. I. The measurement of individual renal: 
plasma flows using 'IJ-Hippuran and the 
gamma camera. Brit. J. Urol, Dec., 1974, 
46, 591-600. (From: The Urology Unit, De- 
partment of Surgery, and Department of 
Medical Physics, Hammersmith . Hospital, _ 
Royal Postgraduate Medical School, London, > 
England.) . 


The clearance of iodine-labelled orthoiodohip- . 
purate (Hippuran) by the functioning renal paren- . 
chyma represents the effective renal plasma flow -- 
(E.R.P.F.). A method was described for the measure- 
ment of the E.R.P.F. by Ram, Evans and Chisholm 
in 1968, using a single injection of “*I-Hippuran. The 7: 
authors extended that method to measure total and - 
individual E.R.P.F. using the gamma camera and 
187 Hippuran. The data were recorded on computer 
compatible magnetic tape. The kidneys were local- 


ized using 40 pCi *7Hg-chlormerodrin. The kidney _ 


images were positioned in the lower portion of the 
field to facilitate the selection of a soft tissue back- 
ground region. Four hundred uCi of ™]-Hippuran 
were: injected and the data were recorded for 20- 
minutes and.a 5 ml. blood sample was taken 15 
minutes after the injection. 
- The radiation dose to the kidneys was about 0.07 
m rads/pCi which is one-fifth the dose if 31]. Hip- 
puran was used. 

Fifty patients were studied. Sixteen had equal 
kidney function as judged by the excretory pyelo- 
grams and normal blood urea levels, 25 had unequal 
renal function due either to unilateral or bilateral 
renal disease and normal blood-urea levels and 9 had 
renal disease with blood urea levels between 82 and 
297 mg. per cent. In the 16 normal patients the 
E.R.P.F. was 216 to 6.95 ml./min. In the second 
group the uncorrected E.R.P.F. was from 110 to ` 
670 ml./min. The E.R.P.F. in the uremic group was 
32 to 150 ml./min. 

The clinical value of this technique has ‘been in 2 


main groups of patients: (a) those with asymmetrical 


renal disease; and (b) those requiring serial measure- 
ment of renal function such as long-term follow-up 
of a damaged kidney. Intra-renal blood flow and 
renal transit time, 7.¢., the rate of transport of Hip- 
puran through the kidneys, are also areas of potential 
value.— Charles W. Cooley, M.D. 
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Your patients and their families might have questions about the 
heart and blood vessel diseases. Your Heart Association has 
prepared a variety of pamphlets to assist you in answering their 
questions in simple non-technical language. 


Produced under the guidance of leading cardiovascular spe- 
cialists, these pamphlets deal with such subjects as heart attack, 
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therapy equipment 
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in medical systems. 


Siemens brings over 70 years’ experience and 
leadership in radiation therapy equipment to the 
United States. 


We built our first X-ray therapy unit 10 years 

after supplying Roentgen with his first X-ray tube, 
and were among the first to produce high-energy 
X-ray and electron beam equipment. 


Our history in this field has been marked by 
dedication to quality and innovation, earning us 
the position of the world’s largest manufacturer of 
medical diagnostic and therapy equipment. 


To maintain this world-wide reputation, Siemens 
invests two million dollars each working day 

on research and development—an essential 
commitment where health is concerned. 


We are now producing, marketing and servicing a 
full line of medical linear accelerators, reflecting 
long established Siemens standards for quality 
and reliability. 


To learn more about Siemens and our line of therapy 
equipment—including Mevatron linear accelerators, 
cobalt teletherapy, superficial and orthovoltage 
units and therapy simulators—get in touch with 
your local Siemens Office. 
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LYMPHOPROLIFERATIVE DISEASES com- 
piled and edited by David W. Molander, Memo- 
rial Hospital for Cancer and Allied Diseases, New 
York, New York. (23 Contributors) A compila- 
tion of the known facets of lymphosarcoma and 
related diseases is presented in this volume along 
with pathologic anatomy, immune mechanisms, 
clinical diagnosis and treatment employing irra- 
diation and chemotherapy. The use of isotopes in 
managing this disease is also covered. In the 
chapter dealing with the pathology of malignant 
lymphomas the new terminology, non-Hodgkin’s 
malignant lymphoma, is used, new pathologic 
designations are included, and the latest methods 
of treatment are fully detailed. ’75, 592 pp. (6 
3/4 x 9 3/4), 256 il. (9 in color), 45 tables, 
$39.50 


HEALTH PROTECTION OF RADIATION 
WORKERS by W. Daggett Norwood, Hanford 
Environmental Health Foundation, Richland, 
Washington. Presented is a summarization of 
knowledge regarding the hazards to the safety 
and well-being of persons working with radiation. 
Discussed are established standards for health, 
safety and environmental protection along with 
their implementation, diagnosis and therapy for 
illness or injury. This book is addressed primarily 
to physicians and nurses, teachers, health physi- 
cists, occupational hygienists, safety specialists, 
biologists and others who are concerned with 
protecting the health and safety of radiation 
workers. ’75, 468 pp., 16 il., 16 tables, $27.50 


ARTHROGRAPHY OF THE SHOULDER: The 
Diagnosis and Management of the Lesions Visual- 
ized by Julius S. Neviaser, George Washington 
Univ. Medical School, Washington, D.C. Writing 
to encourage the use of arthrography, the author 
passes on lessons learned in performing over 
3,000 arthrographies and the knowledge of the 
anatomy of the shoulder gained at postmortem 
examinations and in the operating room. Topics 
covered include anatomy, techniques of arthrog- 
raphy, adhesive capsulitis, ruptures of the rotator 
cuff, lesions of the biceps tendon, dislocations of 
the shoulder, fractures of the surgical neck of the 
humerus, and interesting cases. A bibliography is 
also featured. ’75, 288 pp., 265 il., $22.50 
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THE HAND ATLAS by Moulton K. Johnson and 
Myles J. Cohen, both of UCLA, Los Angeles, 
California. This atlas portrays the anatomy of the 
hand as the surgeon will encounter it in the 
Operating room — layer by layer, beginning with 
the skin and ending with x-ray studies of the 
bones. Photographs of dissections of unem- 
balmed specimens provide more realistic illustra- 
tions, all of which are approximately life-size, 
except where otherwise indicated. Topics include 
the distal volar forearm, the palm, thumb, 
fingers, the radial side of the hand, spaces of the 
hand and wrist mechanics. ’75, 108 pp. (8 1/2 x 
11), 121 il. (8 in color), $22.00 


CORONARY ANGIOGRAPHY (2nd Ptg.) by 
Harold A. Baltaxe, Cornell Medical College, New 
York; Kurt Amplatz, Univ. of Minnesota Medical 
School, Minneapolis, and David C. Levin, Cornell 
Medical College, New York. The authors describe 
gross and radiographic anatomy of the coronary 
artery tree, and also provide a description of 
diverse pathologic processes involving the coro- 
nary artery tree. This book is not restricted to 
atherosclerotic coronary artery disease, but also 
deals with congenital anomalies. Almost every 
condition is illustrated by accompanying radio- 
graphs or schematic drawings. ’75, 256 pp., 173 
il., $22.50 


INDICATIONS AND ALTERNATIVES IN 
X-RAY DIAGNOSIS: A Guide to the Effective 
Employment of Roentgenologic Studies in the 
Solution of Diagnostic Problems (2nd Ed.) by 
Melvyn H. Schreiber, Univ. of Texas Medical 
Branch, Galveston. This illustrated volume de- 
scribes and depicts the various kinds of roentgen- 
ologic examinations available for the unravelling 
of diagnostic problems. It is divided into chapters 
based upon organ systems, with common abnor- 
malities illustrated. Emphasis is on providing the 
reader with a thorough background in the uses to 
which the ordinary and special x-ray studies may 
be put, with alternatives emphasized when the 
indicated examinations cannot be performed or 
when more than one kind of examination is 
available for the solution of a specific problem. 
Indications and contraindications are carefully 
defined. ’74, 192 pp., 98 il., $11.50, paper 
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Life expresses itself in many ways—speaks many languages. From the 
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Breast Cancer: 
earlier warning system 


Futility and frustration beset the phy- 
sician confronted with breast cancer. 
For the last 35 years, the survival rate 
has not significantly changed despite 
intensive educational programs 
aimed at earlier detection, and im- 
provement in treatment t techniques. 

Whatistheoutlook? mms ss 
We know the key to re- "3 
ducing mortality from * 
breast cancerisinthe 4 
earliest possible diag- + 
nosis. The stage at | 
which breast cancer { 
is detected is crucial 
to the outcome of 
treatment. By the time 
a lump is discovered 
through BSE or clini- 
cal examination, criti- 
cal time may have 
been lost. 

And we do have 
the means to achieve 
earlier diagnosis. We 
do have an earlier ™ — 


warning system: memory [1 


Mammography and thermography 


can detect breast cancer before a 
lump is discernible by palpation. 
To demonstrate that it is prac- 
tical and feasible to detect breast 
cancer earlier by using these modal- 
ities, the American Cancer Society 
and the National Cancer Institute are 


funding a network of breast cancer ® 





demonstration projects. Supported by 
grants of $2-million from the ACS and 
$4-million from the NCI, 20 such cen- 
ters are expected to be operative 
across the country by the end of the 
year. Each will screen at no charge, 


citi 5,000 women an- 


nually, in what is 
considered to be the 
ideal detection pro- 
gram — to include 
clinical examination, 
mammography and 
thermography. Each 
q of these detection 
¥ » methods contributes 

“<< independently to the 
detection of breast 
| Cancer, and none can 
be dispensed with in 
the search for early 
disease. 

At present we can- 
not prevent breast 
cancer, but the poten- 
tial for saving more 
sine lives is immense. The 
five-year survival rate changes dra- 
matically from 53% when axillary 

nodes are positive, to 85% when 
the disease is localized, to nearly 
100% for in-situ cancer. 

We have an earlier warning sys- 

tem. Let’s use it. 


american cancer society 


Automatic Tomography eè mmr | 
motor-driven tube column, 
detachable for manual posi- 
tioning Ħ a total of six pre-set 
exposure angles (3 angles at 
2 speeds each), customer- 
selected from a range of ex- 
posure angles 


Automatic Fulcrum Height 
Adjustment e fulcrum can be 
raised continuously or in 
0.5cm increments e conven- 
iently located next to posi- 
tioning mirror and light beam 
indicator 


Tomographic Control Con- 
sole è automatic selection of 
fulcrum height, angle and 
speed e slides into park posi- 
tion under table top when 
not in use 


PHILIPS 
SPECIAL SYS 
FOR 
ROUTINE 
EXAMINATIO 


Simplified Stretcher H 
nations e stretcher cas 
wheeled to table and the 
column moved into pos 
quick, efficient and co 
able for patient 


Control Handling Ease e 
positioning controls are 
to reach, read and opera 





pecial? Yes. Very. The BT-4 is an island 

Able with integrated tubestand—built 

Dr high performance in linear tomog- 

aphy and conventional, wall bucky and 

able top radiography. And engineered 

» be more flexible, convenient, efficient 
d simple to operate than any com- 

arable system. But there's more to 


special”... much more. 


apid Manual Positioning e 
Icrum rod is quickly de- 
Dupled for manual tube po- 
tioning e constant 40" S.1.D. 
br all examinations with rod 
Du pled 


onstant 40" S.1.D. for Table 
bp Examinations e with push- 

tton ease, tube is elevated 
) maintain 40" S.1.D. 


Quick Lateral Positioning e 

the tube column is moved 

parallel to the table and the 

tube lowered and pivoted 90° 
. ittakes only seconds! 


Complete System e the BT-4 
and a Philips Modular Gen- 
erator with built-in expansion 
capabilities and optional 
Anatomically Programmed 
Radiography is the combi- 
nation you'll appreciate for 
improving department effi- 
ciency, patient handling and 
your convenience 


PHILIPS 


T.M. N.V. Philips of Holland 


The BT-2 Twin Sister e per- 
forms all BT-4 functions ex- 
cept tomography œ identical 
in appearance and quality 
construction è the unit of 
choice when tomography is 
not required 


Write us. We'll send additional “special” information. 


PHILIPS MEDICAL SYSTEMS, INC 


710 Bridgeport Avenue, Shelton, Conn. 06484 








Add Dr. Squire 
and Dr. Ettinger 


teach 


© 


After two weeks time, even the 
most attentive student does not 
retain more than 25% of the 
material presented by a good 
teacher. 

That’s why guided self- 
instruction is such a valuable tool 
for today’s medical student and a 
substantial aid to teachers. 

To stimulate your student’s 
appetite to acquire more informa- 
tion, Dr. Lucy Frank Squire and 
Dr. Alice Ettinger have created 16 
instructional hours of 568 slides and 
16 correlated tapes. 


toyour 
ing program 


These Basic Diagnostic 
Radiology Seminars are problem- 
solving in orientation. They are 
designed for 4 to 6 students and 
cover the chest, heart, mediastinum, 
abdomen, gastrointestinal system 
and urinary tracts in a complete 
audio-visual program that allows 
students to learn and restudy the 
material at will. 

The equipment needed to use 
these materials is very simple. Any 
standard cassette tape recorder is 
suitable and any 35mm slide 
projector will hold the durable 


plastic mounted slides. 

The complete 16-hour Basic 
Diagnostic Radiology Seminars are 
now available for immediate 
delivery at the current price of 
$600.00. To order, call or write 
today: 


® 
Programmed Seminars 
Incorporated 


Box 233 Gracie Station, 
New York, New York 10028 
212-493-3600 


@lso available in a French edition. Spanish 
edition to be made available in the near future. 
Price subject to change without notice. 
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An employee of yours has a house fire, a disabled parent, an 
emergency of any kind. 

That’s just when Red Cross — America’s Good Neighbor — 

4 steps in to lend a hand. Because helping people is what were 





all about. 

You could say all this helps your company, too. 

Because easing people over life’s rough spots makes them 
easier in their minds. And no one has to tell you how important 
that is on the job. 

So help Red Cross any way you can. 

When you help us, it helps your people. 

And when you help your people, you help yourself. 


A Public Service of This Magazine & The Advertising Council A d 
unci 





Red Cross. 





Rare Earth Imaging: 
We'd like to 
snare the future. 


Kodak is developing a new flexibility for modern radiography with 
two new products that offer greater technic and equipment versatility 
—Kodak Lanex regular screen and Kodak ortho G film. They may help 
you solve tomorrow’s problems today. 


These products evolve from important 
research in rare earth phosphors. And 
they represent significant advantages 
over calcium tungstate phosphors in 
radiographic intensifying screens. 

The racaqnrch ans own thot = 


lanthanum and gadolinium phosphors 
used in Lanex screens convert more of 
the x-ray energy to light than calcium 
tungstate—increasing the speed two to 
four times. 

Ibe hin ar Sinan, amnis wos toy r 





duce miliamperage or kilovoltage, in- 
crease subject contrast, or shorten 
exposure time (a special advantage 
where motion is a problem). And, you 
can use a smaller focal spot for improved 
image sharpness. Less sensitivity to scat- 
tered radiation also contributes to higher 
subject contrast. 

Italladds up to increased equipment 
and exposure flexibiliy—which can help 
axtanc Vou ir rodionranhic. moi 


as well as the life of your equipment. 

Your Kodak Technical Sales Repre- 
sentative or your medical x-ray products 
dealer are in a position to provide more 
information about rare earth imaging. 
Contact them...or 


WRITE TODAY: Eastman Kodak Company, 
Department 740, Rochester, 
New York 14650. 
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How to get the latest 
medical equipment when 
you cant count on 


borrowing. 


Lease it from Trans Union the way 
St. Peter's General Hospital did. 


“When our usual sources for financing 










were unable to provide the necessary Comes NA 
rhe 


funds to continue our equip- 
ment expansion program, 
Trans Union was able 
to offer us an excellent N 
lease arrangement.” oe, 
So says Gerald D. Neal, A\ 
finance director of St. 
Peter’s General Hospital in 
New Brunswick, New Jersey. 

Trans Union can lease you the medical 
equipment you need, too, even during 
periods of tight money. We stand behind 
our leases regardless of economic trends. 
So funds are available on a regular basis. 

Since Trans Union has been in the 
leasing business for over 80 years, you 
can count on expert counseling and a 
custom-tailored lease. And whether you 
lease the latest piece of X-ray equipment 
or an entire laboratory, you will be leas- 
ing from people who are active in many 
phases of health care service. 

If you are uncertain about how to 


ae 








finance the & 
new equipment 
you need, or just | 
interested in conserv- Ng 
ing your working 5 
capital, turn to the 5 
people who can make /## 
your expansion plans /# 
possible. Turn to 
Trans Union Leasing. 
For more information 

and a free booklet explaining how we can 
write a lease to meet your financial and 
equipment needs, write us on your 
letterhead. 


Trans Union Medical Leasing 


An Affiliate of Trans Union Leasing Corporation 


111 West Jackson Boulevard, Chicago, Illinois 60604 


Varian Clinac 


Medical Linear Accelerators 





oP tar sri bt al = ~ sell 
à g 
we » 
= 4 wt e a nzo 





ta ae ee ae 





zeii ie: = 

sii Bui >) 
nom = ~ ~ 

_ ~ 


i ee ee et 


Powerful tools 


for radiotherapy 


Clinac 4 


| Power, Precision 
and Reliability 











The most successful medical linear acceler- 
ator in use today, the Clinac 4 has effectivel: 
become the standard of second generation 
supervoltage therapy equipment. Excellent 
clinical characteristics, outstanding beam 
definition and exceptionally flat fields, 
permit aggressive and accurate radiotherapy 
High dose rate and mechanical precision 
provide time savings and rapid treatment 
set-ups. Modular design, combined with 
positive preventive maintenance has 
resulted in an outstanding reliability record 
for the Clinac 4. 


Clinac 4S 


Clinac 4 Performance 
From a Wall-Mounted Unit 


The Clinac 4S has all the desirable Clinac 4 
beam characteristics, plus some distinctive , 
features of its own: It provides the largest 
field sizes routinely achieved by any com- 
mercially available medical linear acceler- 
ator. Precise set-ups are facilitated by a 
hand-held pendant, which remotely controls 
all collimator and gantry motions — and by 
a wall-mounted digital readout panel that 
displays the significant x-ray head positions. 


Clinac 18 


New Keystone for Radiation 
Therapy Centers 


A high energy photon beam at 10 MV and 
ve electron beam energies from 6 to 18 MeV 
re available from this 100 cm isocentrically 

mounted machine. A 5 MW klystron tube 

powers the unit. A fully achromatic beam 
bending magnet and a gridded electron gun 
assure stability. Dual dosimetry and inde- 
pendent interrogate circuitry are standard 
‘eatures of this instrument. Because of these 
‘lear-cut advantages, the Clinac 18 has been 
ely accepted as the equipment of choice for 
‘ogressive therapy centers around the world. 
















Clinac 12 


Dual Modality in 
an Economical Package 


Combining the innovative 
design features of the 
Clinac 18 with the proven 
power circuits of the 
Clinac 4, the Clłnac 12 
offers dual modality at 
minimum cost. The ma- 
chine features an 8 MV 
photon beam and 6 to 12 
MeV electron beams: ~~ 





Clinac 35 


New Opportunities for High 
Energy Therapy and Research 








Varian’s Customer 
Support Program 


Training of Personnel 
Varian’s week-long training course 
in Palo Alto teaches equipment 
operation and much more. Attend- 
ees learn to use the Clinac efficiently 
and to carry out preventive main- 
tenance, trouble shooting and basic 
repair procedures. Varian’s step- 
by-step operation and maintenance 
manuals are comprehensive and 
easy to understand. 


World-Wide Service 


Varian maintains service offices at 
strategic points around the world. 
They are equipped and staffed to 
meet all routine maintenance and 
emergency service needs. A mem- 
ber of*our service staff is always 
available to help trouble-shoot a 
problem on the phone or arrive on 
the scene within hours. 


Users’ Meetings 

All Clinac owners are in- 
vited to attend and partici- 
pate in periodic Users’ 
Meetings. These seminars, 
which have attracted as 
many as 150 therapists 

and physicists, are a forum 
for exchanging new data and 
techniques on the Clinacs. 


Come Visit Us. 


If you are traveling to California, 
we invite you to visit us. Our staff 
will be pleased to discuss and an- 
swer any questions you might have 
about Clinacs. If you cannot come 
in person, ask our local people to 
visit you, or write for literature on 
any or all Clinac linear accelerators. 
Varian Radiation Division 

611 Hansen Way, Palo Alto, 
California 94303 


varian 


radiation division 











X-ray energies of 10 and 25 MV, plus electron 
energies to over 30 MeV, combine to make the 
Clinac 35 the most powerful medical linear 
accelerator manufactured today. Dose rates ur 
to 1200 rads/min. at a meter, and a powerful 
research beam bring new opportunities to the 
field of radiotherapy and high-power research. 





Treatment Chair 


Designed for reproduc- 
ible patient positioning, 
the treatment chair 
facilitates arc or multi- 
port therapy in head and 
neck cases. The chair 
attaches to Clinac treat- 
ment couches for precise 
motorized control. 


United States offices: Springfield, NJ > 
Philadelphia, PA « Pittsburgh, PA = 
Cincinnati, OH « Fort Lauderdale, FL + 
Atlanta, GA « Detroit, MI • Chicago, 
IL « St. Louis, MO « Dallas, TX « 

Los Angeles, CA 


For Europe: Varian A.G., Steinhauser- 
strasse, 6300 Zug, Switzerland • Varian 
SPA Ufficio di Roma Via Ravenna 11, 
1-00161 Roma, Italy * Varian Associates 
Ltd., 18 Manor Road, Walton-on- 
Thames, Surrey, England 


For Australia/New Zealand: Varian Pty. 
Ltd., 781 Pacific Highway, Chatswood, 
N.S.W., 2067 Australia 


For Central America: Varian S.A., Fran- 
cisco Petrarca 326, Mexico 5, D.F. 


For South America: Varian Industria e 
Comercio Limitada, Av Dr. Cardoso de 
Mello 1644, Caixa Postal 19010-V. 
Nova Concei & Ao, CEP 04548, Sao 
Paulo — S.P., Brazil 


YOU CAN ACQUIRE VALUABLE 


BACK VOLUMES AND SINGLE ISSUES 
OF THE PUBLICATIONS OF 


The American Roentgen Ray Society 


A limited quantity of the issues available are listed below. Orders are subject to 
the exhaustion of available stock. This offer is subject to withdrawal without 
notice. NOTE: For your convenience, the same price—$3.00 per copy—applies to 
all issues—no quantity discount. 








ORDER BACK ISSUES of the Journal from: 
CHARLES C THOMAS • PUBLISHER 301-327 East Lawrence Ave. SPRINGFIELD • ILLINOIS ¢ 62717 








The American Journal of Roentgenology, Radium Therapy 
and Nuclear Medicine 


Vol. 71, Nos. 1 - 6 (1954) Vol. 99, Nos. 1 - 4 (1967) 
Vol. 72, Nos. 1 - 6 (1954) Vol. 100, Nos. 1 - 4(1967) 
Vol. 73, Nos. 1 -6 (1955) Vol. 101, Nos. 1 - 4 (1967) 
Vol. 74, Nos. 1, 3, 4,5, 6, (1955) Vol. 102, Nos. 2, 3 (1968) 
Vol. 75, Nos. 1 - 6 (1956) Vol. 103, Nos. 1, 2, 4 (1968) 
Vol. 76, Nos. 1,3, 4, 5, 6 (1956) Vol. 104, Nos. 1 - 3 (1968) 
Vol. 83, Nos. 1 - 6 (1960) Vol. 105, No. 2 (1969) 

Vol. 84, Nos. 1 - 6 (1960) Vol. 107, Nos. 2 - 4 (1969) 
Vol. 85, Nos. 1 - 6 (1961) Vol. 109, No. 1 (1970) 

Vol. 86, Nos. 1 -6(1961) Vol. 110, No. 4 (1970) 

Vol. 87, Nos. 1 - 6 (1962) Vol. 111, Nos. 1 -4 (1971) 
Vol. 88, Nos. 2 - 6 (1962) Vol. 112, Nos. 1 -4 (1971) 
Vol. 89, Nos. 1 - 6 (1963) Vol. 113, Nos. 1, 2,4 (1971) 
Vol. 90, Nos. 1 - 5 (1963) Vol. 114, Nos. 1, 3, 4(1972) 
Vol. 91, Nos. 2, 4, 6 (1964) Vol. 115, No. 2 (1972) 

Vol. 92, Nos. 1, 2, 3, 5, 6 (1964) Vol. 116, Nos. 2, 4 (1972) 
Vol. 93, Nos. 1 -4(1965) Vol. 117, Nos. 1 - 4(1973) 
Vol. 94, Nos. 1 - 3 (1965) Vol. 118, No. 2 (1973) 

Vol. 95, No. 1 (1965) Vol. 119, Nos. 1 - 4(1973) 
Vol. 96, No. 3 (1966) Vol. 120, Nos. 2 - 4(1974) 
Vol. 97, Nos. 1, 4 (1966) Vol. 121, Nos. 1 - 4(1974) 
Vol. 98, Nos. 2 - 4 (1966) Vol. 122, Nos. 1 - 4(1974) 


You're getting the 
quality you're paying for. 
Right? 


Yes. Or maybe? Or perhaps 
even — No? Quality is elusive. 
Hard to define. Yet you sense 
it. You know you're getting it 
with Picker equipment. 

You're also realistic. You 
know that nobody — not even 
Picker — can build a perfect 
machine. Product quality and 
product service are interde- 
pendent, inseparable. 

So we back Picker quality 
with Picker Service. In fact, 
because of our years of growth, 


PICKER 


ONE OF THE CIT COMPANIES 


it's become the largest, most 
dependable service organiza- 
tion of its kind in the industry. 
Completely systematized, 
state-of-the-art x-ray equip- 
ment and nationwide technical 
services help you produce 
better radiographs — depend- 
ably and consistently. 
We call it Picker’synergy. 
Put it to work for you. Call 
your local Picker man, or 
Picker Corporation, 595 Miner 
Road, Cleveland, OH 44143. 








HUNTINGTON MEMORIAL HOSPITAL (720 
beds) Pasadena, California 


Radiographic /Fluoroscopic Room contains: 
GX-1050 (1000mA-150kVp) three-phase x-ray 
generator with phototimer, kV brightness 
stabilizer and high-speed rotor drive. Galaxy 
90° /90° x-ray table with four-way top, Picker 
universal Bucky with three-field photo pick-up, 
Ceiling Tubemount (CTM-7) with Collimatic [II 
automatic collimator and cable retractor 
system, 15/22cm high-performance television 
imaging system with 105mm and 35mm camara 


Photo permission courtesy of the Hill Medical 
Corporation and Huntington Memorial Hospital, 
Walter B. Hill, MD, President; Chuck 
Thompson, Administrative Chief 

Technologist. 
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Hanley Space Saver X-Ray and Medical Record Cabinets 
are installed in most hospitals in America. 


Top quality and low price is the reason. 
5 compartment with doors—$184.50 
5 compartment less doors—$148.50 
Brochure F.O.B. Factory 


AMERICA'S LARGEST DISTRIBUTOR OF X-RAY CABINETS 


HANLEY MEDICAL EQUIPMENT CO. 
5614 South Grand X-Ray Division St. Louis, Mo. 6311] 


In reply to advertisers please mention 


that you saw their advertisement in 


THE AMERICAN JOURNAL OF 
ROENTGENOLOGY, 
RADIUM THERAPY 


AND NUCLEAR MEDICINE 


CHARLES C THOMAS PUBLISHER 
Springfield - Illinois 





Bind Your 
Journal Issues 
Into Valuable 

Vigilant Volumes 


Pertinent information you sometimes desperately need is too often 
in the Journal issue you cannot find. Single copies have a way of 
getting lost, misplaced or destroyed. It is better for you to let us 
permanently bind each journal into semi-annual or annual volumes 
—then your reference source is always complete, organized and 
instantly at your service. We call them "Vigilant Volumes": they 
so carefully store and provide on instant notice so much knowl- 
edge of timely value. 





The cost per "Vigilant Volume," by official commission from the 
journal publishers is but $5.95 per volume, permanently hard bound 
in washable buckram, gold embossed with period dates, journal 
name and special insignia—plus your name stamped in gold leaf. 
"Vigilant Volumes'' are handsome library additions too, real con- 
versation pieces. These volumes are bound in the authorized colors. 


HOW TO ORDER 
Simply ship your journal issues to us via parcel post, together with 
your name, address, AND REMITTANCE, at $5.95 per volume. 
Within 45 days after receipt, bound volumes will be shipped to you. 
Price subject to change without notice. Please remit 50¢ per volume 
for return transportation and handling. 


PUBLISHER'S AUTHORIZED 
BINDERY SERVICE, Ltd. 


(Authorized Binders of All Journals) 
4440 W. Roosevelt Rd. 
Chicago, Illinois 60624 




















CHARLES C THOMAS + PUBLISHER 


XERORADIOGRAPHY OF THE BREAST (3rd 
Ptg.) by John N. Wolfe, Hutzel Hospital, Detroit, 
Michigan, Foreword by Wendell G. Scott. Writ- 
ten primarily for the radiologist but of interest to 
others working in the field of breast cancer, this 
text presents a significant and newer method for 
early detection of breast cancer in more detail 
and in greater contrast than can be obtained in 
x-ray film. The result of the author’s five years of 
investigation and experience with xeroradiog- 
raphy, the book allows practical application of 
the information given to work with any type of 
mammography. ’75, 194 pp. (8 1/2 x 11), 242 il. 
(92 in color), $23.50 


CARDIAC CATHETERIZATION AND ANGIO- 
CARDIOGRAPHY IN SEVERE NEONATAL 
HEART DISEASE by Michael T. Gyepes, UCLA, 
Los Angeles, and William R. Vincent, Pennsyl- 
vania State Univ., University Park. This book 
addresses itself to the specific problems of 
diagnosis of symptomatic congenital heart dis- 
ease in the newborn period. It is organized 
around the acts of cardiac catheterization (CC) 
and angiocardiography (ACG) and is divided into 
three parts. Part I deals with pathophysiologic 
consideration and preliminary studies which 
must be undertaken prior to CC + ACG. Part II 
deals with equipment and facilities in addition to 
a detailed discussion of the procedure of CC + 
ACG. Part III deals with the question of what to 
do with the information that has been obtained. 
This book is extensively illustrated. ’74, 184 pp., 
317 il., $14.50 


PRINCIPLES OF RADIOGRAPHIC EXPOSURE 
AND PROCESSING (2nd Ed., 11th Ptg.) by 
Arthur W. Fuchs, Rochester, New York. The 
author describes a simple though exact exposure 
system which is based upon proved fundamental 
theories and practices. Wherever possible, the 
exposure factors have been reduced to constants, 
thereby eliminating many sources of possible 
error. Discussed in detail are the operations 
necessary to the correct handling and chemical 
treatment of exposed x-ray film to convert it to a 
radiograph. Complete details are provided for the 
development, rinsing, fixing, washing and drying 
processes. 74, 304 pp. (7 x 10), 600 il., $14.25 


Prepaid orders sent postpaid, on approval 


301-327 EAST LAWRENCE 





SPRINGFIELD: ILLINOIS: 62717 





Take a new look at 
neuroangiography. 





Philips Poly Diagnost N will change 


Without moving the subject. 


It's a unique engineering achievement— 
the only one of its kind. Designed spe- 
cifically for cerebral angiography at 2:1 
magnification, Philips’ new Poly Diagnost 
N gives you views of the patient that 

have always been difficult (and some- 
times impossible) to achieve without 
moving the patient. 


With the Poly Diagnost N, the patient 
remains stationary ... and such views 

as the Basilar, Towne’s, obliques and 
others are easily, quickly and simply 
achieved. That's because the Poly N’s 
parallelogram structure rotates 360° 
about the longitudinal axis and 45° 
around the transverse axis. And because 
all motions are isocentric! All projections 


of the area of interest are therefore 
centered on the film. 


The Poly N's fixed focal-film distance 
insures reliability and reproducibility 
from every angle. All projections are 
performed at fixed 2:1 magnification. 


Now that you've taken a new look, let the 
following pages give you a Closer look. 








your views of the subject. 





The extraordinary versatility 
of the Poly Diagnost N permits 
use in single or bi-plane 
operation with a 3-per-second 
Puck-U or Puck-L rapid film 
changer. 








PHILIPS 


Philips Poly Diagnost N: a major step forward in neuroangiograph 


The Poly Diagnost N not only does 
more ... but does it more efficiently 
for you and more comfortably for 
your patient. 


Take patient positioning, for exam- 
ple. Its accomplished rapidly and 
easily. For free, unencumbered 
access to the patient’s head (or 
when the system is not in use), the 
Poly N moves on its rotating base 
into a park position to left or right. 


Or conventional laterals. The Poly 
N rotates so effortlessly that these 
can be performed from either side 
of the patient with equal facility. 


Or two modes of operation. The 


® IM N.V. Philips of Holland 


Poly N offers both. In one, the film 
plane remains parallel to the lower 
arms and produces conventional 
films. In the other mode, the film 
plane remains perpendicular to the 
main X-ray beam and produces true 
plane views. 


Or manual stereo capability. With 
the Poly N, manual stereo is accom- 
plished in seconds. 

Philips Poly Diagnost N: it improves 
your views on neuroangiography. 


Write for additional information. 


PHILIPS MEDICAL SYSTEMS, INC. 


710 Bridgeport Avenue, Shelton, Conn. 06484 








Yes... youre 
a candidate 
for Heart Attack 


You can reduce your risk by 

e Not smoking cigarettes, 

e Eating foods low in animal fats and cholesterol, 
e Reducing if overweight, 

e Exercising regularly, moderately, 

e Controlling high blood pressure, 

e Seeing your doctor regularly, 


and by supporting your Heart Association’s pro- 
grams of research, education and community 
Service. 


GIVE. oii: HEART FUND 





SIEMENS 


SIrecrapaln 
The system to have 
when you need more than one. 








Siregraph A is a highly versatile X-ray system. It is equally ideal 
for radiology departments with space and budget limitations 
and for those with only an occasional need for planigraphic or 
angiographic studies. 


A remote controlled unit with an over-table tube, Siregraph A 
provides a fully automatic spotfilm device, an image intensifier 
television system and motor tilting to 90° Trendelenburg. 


Permitting procedures over the entire tilting range of the table, 
Siregraph A allows rapid changeover at the push of a button 
from conventional examinations to special applications. 


Special features include automatic table-top shifting, punchcard 
programming, kV reduction control and transferring of patient 
and tube to catheterization position. 


When utilization review underscores the need for cost, space 
and performance efficiency, Siregraph A offers a unique solution. 
For larger institutions, it can contribute to improved patient 

flow by relieving bottlenecking in either routine, planigraphic 
angiographic or scheduling. For smaller hospitals, it can 
replace under-utilized X-ray units designed exclusively for 
special studies. 


Siregraph A. Routine R-F examinations to planigraphic and 
angiographic studies. The system to have when you need more 
than one. Write for detailed literature. 


Siemens Corporation 


Medical Systems Division 
186 Wood Avenue South, Iselin, New Jersey 08830 (201) 494-1000 
In Canada: Siemens Canada Limited, 7300 Trars-Canada Highway, Pointe Claire,P.Q., Canada 
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We try to present an accurate index. Occasionally this may not 
be possible because of a last-minute change or an omission. 


Hysterosalpingogram with Salpix Contrast Medium. 24-hour postinjection x-ray of same patient. 


now you see it now you don't 


With Salpix as your contrast medium, your gynecologic pa- 
tient needn’t undergo the 24-hour postinjection x-ray usually 
required with iodized oils. Water-soluble Salpix leaves virtu- 
ally no irritating radiopaque residue to produce foreign-body 
reactions, yet it provides the viscosity needed for adequate 
visualization. 

Contraindications: Contraindications to hysterosalpingography include the 
presence of severe vaginal or cervical infections, existing or recent pelvic 
infection, marked cervical erosion or endocervicitis, and pregnancy. The pro- 
cedure is contraindicated during the immediate pre- or post-menstrual phase. 


Sensitivity Test: If indicated in the patient’s history, an intracutaneous skin test 
or sublingual absorption observation may be done with 0.1 cc Salpix. 


Warning: Not for intravenous use. © ORTHO PHARMACEUTICAL CORPORATION 1970 


TRADEMARK 


S CONTRAST MEDIUM 


EACH CC CONTAINS: 


sodium acetrizoate 0.53 g and 
polyvinylpyrrolidone 0.23 g 


ORTHO PHARMACEUTICAL CORPORATION * RARITAN, NEW JERSEY 08869 
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More information from 
high-density areas 

The shoulder area of the characteristic 
curve shows that extended contrast is 
available in the high-density region. 
This “soft” shoulder extends the lati- 
tude of the film while maintaining the 
contrast needed for visualization of 
soft-tissue areas. 


More processing latitude 

A high degree of tolerance to variations 
in processing machines and chemistry 
is built into 3M Type R film. A medium- 
speed film for use with Calcium Tung- 
state or UV-emitting screens, Type R 
also offers improved anti-static charac- 
teristics. 


PHOTOGRAPHIC 
PRODUCTS DIVISION 


3M Center 
St. Paul, Minnesota 55101 


3 COMPANY 



















Quality Plus Service 
Two support organizations, Litton Med 
ical Systems and the 3M Company 
stand behind Type R film. It is your 
assurance of a fine quality product- 
along with the services of two teams o 
expertly trained specialists in film anc 
processing. 


Equals Value 

Your film business is important to us. l 
has been and will continue to be oum 
policy to offer the best product anc 
service available. Before you make 
another film purchase, check us out. | 
could be to your advantage. 


[H Litton Medical Systems 
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Excellent visualization in intravenous pyelogram 18 hours after administration of 2V2 oz. X-PREP Liquid for 
preraciographic bowel cleansing. (In the files of the Medical Department of The Purdue Frederick Company.) 


To prep the bowel for intravenous pyelography 


X-PREP Liquid 


(standardized extract of senna fruit) 


One step « One dose « One bottle 


O X-PREP Liquid is designed O A single 2¥2 02. oral dose is O Pleasant taste meets with high 
specifically for preradiographic usually all that is required, No patient acceptance. Ease of 


bowel cleansing — without enemas, residual oil droplets (such as may administration is appreciated by 
suppositories or overhyaration. occur with castor oil). the patient and nursing staff. 


Gray Pharmaceutical Co., Affiliate 
The Purdue Frederick Company 


© COPYRIGHT 1975, GRAY PHARMACEUTICAL CO./ NORWALK, CONN. 06856 A7901 160875 





ersonal involvement gives added value 
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“We cutthe X-ray 
retake rate by 5O% and 
reduced annual film 
cost byalmost 10% at 
St Vincent's Medical 
Center in Jacksonville. 
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=, Hank Ward, 

€ Du Pont Sr. Technical 
E Representative. 


Ms. Rae Walker, R.T., Administrative 
Supervisor at St. Vincent’s in Jacksonville was 
pleased with the X-ray Department's low retake rate 
until Hank Ward showed her how Du Pont, with 
the help of Department personnel, could cut an 
additional 50% off the rate, and almost 10% off her 
annual film budget. 

Working with Rae and her Chief Technologist, 
Judy Walsh, Hank developed a program that 
identified variables causing retakes. After an analysis 
of these variables, the team established corrective 
procedures, and most of the variables were 
eliminated. 

The result: a reduction in retakes by half, a 
significant cost saving, and more consistent 
radiographic quality. In Rae’s own words, she didn't 
believe it could be done, but Du Pont delivered as 
promised. 

It’s all part of Du Pont’s commitment: 
personal involvement and quality in everything 
we do and sell. 


GJ POND MEDICAL XRAY 





Counting, 


The new computer-controlled clinical RIA Gamma Counting System 





The SKI Automated Gamma System with different isotopes, window set- start the system counting. 

is a unique, new counting system tings, counting methods and data From then on, everything is under 
designed for unattended, trouble-free reduction procedures. computer control. Isotope selection, 
operations in the clinical laboratory. Only one set-up procedure is needed. window settings, counting times, etc., 

All assay parameters are under the In just minutes, a Technologist can load are automatically reset between assays. 
control of a dedicated, pre- programmed up to 200 background, standard and If desired, the computer will even a 
microcomputer module. The system sample tubes in the Sample Changer compute standard curves for each assay 
performs batch multiple assays—each Module, enter test instructions and method and print the curves along 


1. Load the Automatic 2. Enter the assay 
Sample Changer., parameters. 


Each convenient rack holds ten background, 
standard or sample tubes, making it 

easy to load the Sample Changer 
Module. The changer holds up 

to 20 racks (200 tubes) at a 
time. The modular design 
of the system provides such 
flexibility that additional 
sample changers may be 
added to increase capacity | 
to 400 or even 1600 tubes. \ 7 





All instructions are entered through the Computer 
Module keyboard or lighted push buttons. 
Instructions are given in response to questions 
asked by the Computer Module’s built-in alpha- 
numeric printer and backlighted display panel. Inap- 
propriate instructions are automatically detected, 
giving the operator a chance to make corrections 
before assays are run. Completed instruction 
sequences may be listed or edited before starting. 





Made 





from SKI gives final answers in medically useful units—automatically. 


data against a hand-drawn standard Now, virtually any laboratory can enjoy 
curve. The computer automatically gives the speed and flexibility of a fully auto- 
answers the way you want them—in mated gamma counting system. 


final form. 
SK 


with final assay results on per manent 
paper tapes. But the system is 
flexible. Automatic operation may be 
interrupted at any point for a stat 
procedure or to enter instructions for 

additional tests. 

{ Perhaps more important, there’s 
never a need to spend time plotting 


The SKI Automated Gamma 
System’s compact, modular design takes 
up little precious laboratory space. 
Almost any table or benchtop will do. 


Smith Kline Instruments, Inc. 


880 West Maude Ave. » Sunnyvale, CA 94086 + (408) 732-6000 
A Subsidiary of SmithKline Corporation 


SKI Australia, Austria, Canada & U.K 


3.Examinethe 
results. 


The SKI Automated Gamma System gives results 


O Please send details about The Gamma System. i 


O Please have a representative call for an 
appointment. 


with or without automatic background subtraction 
in any of four different forms: (1) concentration 
derived from an automatically computed standard 
curve, (2) counts per minute at preset count, 

(3) counts per minute at preset time, or (4) ratio 
between standard and sample. In all cases, assay 
data, sample I.D. numbers 
and a summary of test 
parameters are 
printed on easy- to- 
file permanent 

paper tape. 












O Wed like a demonstration of The Gamma 
System at no expense or obligation to us. 


Name Department 


Address 
City State Zip 


Telephone: Area code, number, extension 


SI4 


Smith Kline Instruments, Inc. 


880 West Maude Ave. + Sunnyvale, CA 94086 + (408) 732-6000 
A Subsidiary of SmithKline Corporation 








Get it now. The AMX-110 mobile x-ray unit is 
available for delivery now. And now more than 
ever, GE is prepared to give the financing/leasing 
arrangement you want, with aservice/maintenance 
program that best serves your needs. We listen. 
We work with you. And we respond. Look for the 
commitment behind the equipment. 











Now do routine 
radiography anywhere 
and get anything but 
routine results. 















AP Chest, 1.0 mAs, 85 kVp. Non-grid, 
technic par speed screens, 40 inch 
distance. 





LAT Lumbar spine, 250 mAs, 95 kVp. 
12:1, 103 line grid cassette equipped 
with par speed’screens, 40 inch distance. 





Don’t confuse the AMX-110™ with other mobile 
x-ray units used for emergency and back-up 
use. It is a legitimate rival to fixed installations, 
and a proven performer, over a full range of 
x-ray procedures, in hundreds of 

hospitals and clinics. 


lts self-contained power system—three 40-volt 
nickel/cadmium cell groups warranted for 5 

full years—stores 10,000 mAs at 100 kVp; 
proportionately more at lower levels. This means 
several days of busy radiographic procedures 
before requiring recharge. Full recharge can be 
done overnight. 


It also means a high capacity, high quality 
radiographic capability anywhere in the hospital 
No “extras” to buy or installation delays. No 
special room or wiring requirements. Just guides 
the self-powered AMX-110 to the patient and it’s 
ready to go. You don't even have to plug it in. 


Ask your GE representative to show you 
AMX-110 film studies. Seeing is believing. And 
learn how quickly the AMX-110 can be handling 
your work load. 


General Electric Medical Systems, 
Milwaukee, Toronto, Madrid 


GENERAL @@ ELECTRIC 





The Mass Film Viewer 


that saves you time 
and money 






This radiologist can do a day’s 
diagnostic film reading in 1 less 
time than conventional viewing 
by using a Panoramascope, 
capable of displaying 200 
14 x17 radiographs. He can 
retrieve any study he desires 
simply by pushing a button and É 
bringing it into view. No film 
shuffling, mounting or 
misplaced jackets. 


Seas 


The Panoramascope Model 200D 
A belt driven unit mounted 
ona mobile base with 
additional illuminator for 
film comparisons. 


In minutes, a film clerk can easily 
organize, load and index a day’s case load. 
The clear plastic belt containing the 
radiographs is motor-driven in front of 
the illuminator. The roll-fed belt can be 
driven at either of two speeds — fast for 
rapid film recovery and slow for desired 
film positioning. The Panoramascope is 
faster, quieter, takes up less space, weighs 
and costs less than one-half as much as 
other units with half the capacity. The 
Panoramascope is available in three 
models, with capacities up to 400 

14 x17 films. 





aN 
Give us a call or write RADX, P.O. Box 19164, 
Houston, Texas 77024. 713/468-9628. 
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3 million films* 
saya lot about 


RENOGRAFIN-76 : 


Meglumine Diatrizoate 66% and 
Sodium Diatrizoate 10% Injection 
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Thi ey C cl ed sty st state enografi 

lecen found equal to the challenge of | 
„excretion urography »aortography 
"pediatric angiocardiography 
"peripheral arteriography and 
‘selective coronary arteriography 
alone or combined with left 
ventriculography. 


Available in single-dose vials of 
¥0 mi. and 50 ml. and single-dose 
Bottles of 100 ml. and 200 mi. to 
meet the varying needs of these 
Brocedures. 


When you want excellent film 
@uality and rapid visualization, 
@noose the one with a long record 
of dependable performance— 
Renografin-76, the number one 
W@roduct in its class. 








RENOGRAFIN-76 


(Meglumine Diatrizoate 66% 
and Sodium Diatrizoate 
10% Injection) 


Renografin-76 is supplied as a sterile, aqueous 
solution providing 66% meglumine diatrizoate and 
40% sodium diatrizoate with 0.32% sodium citrate 
as a buffer and 0.04% disodium edetate as a 
sequestering agent. The solution contains 
approximately 37% (370 mg./mi.) bound iodine 
and approximately 4.48 mg. (0.19 mEq.) sodium 


per ml. 


CONTRAINDICATIONS: In patients with a hyper- 
sensitivity to salts of diatrizoic acid. Urography 
contraindicated in patients with anuria. 


WARNINGS: A definite risk exists with the use of 
contrast agents in excretion urography in 
patients with multiple myeloma. There has been 
anuria with progressive uremia, renal failure 
and death. This risk of the procedure in these 
patients is not a contraindication; however, 
partial dehydration in preparation for study is 
not recommended since it may predispose for 
precipitation of myeloma protein in renal 
tubules. No therapy, including dialysis, has 
been successful in reversing this effect. 
Myeloma should be considered in persons over 
40 before undertaking urographic procedures. 

In cases of known or suspected pheochro- 
mocytoma, if the physician feels that the possible 
benefits outweigh the considered risks, radiopaque 
materials should be administered with extreme 
caution; however, an absolute minimum of 
material should be injected, the blood pressure 
should be assessed throughout the procedure, 
and measures for treating a hypertensive crisis 
should be available. 

Contrast media may promote sickling in 
homozygous individuals when injected 1.V. or 
intra-arterially. Although a history of sensitivity to 
iodine per se or to other contrast media is not an 
absolute contraindication, administration of 
diatrizoate requires extreme caution in such cases. 
Renografin-76 should be used in pregnant patients 
only when the physician deems its use essential to 
the welfare of the patient since safe use during 
pregnancy has not been established. Perform 
thyroid function tests prior to administration of 
Renografin-76 since iodine-containing contrast 
agents may alter the test results. 

Weigh the inherent risks against necessity for 
performing angiocardiography in cyanotic infants 
and patients with chronic pulmonary emphysema. 
In pediatric angiocardiography, a dose of 10 fo 
20 mi. may be particularly hazardous in infants 
weighing less than 7 kg.; this risk is probably 
significantly increased if these infants have 
preexisting right heart “strain,” right heart failure, 
and effectively decreased or obliterated 
pulmonary vascular beds. Perform urography with 
extreme caution in persons with severe 
concomitant hepatic and renal disease. Perform 
selective coronary arteriography only in selected 
patients and those in whom expected benefits 
outweigh the procedural risk. 


PRECAUTIONS: Diagnostic procedures involving 
use of contrast agents should be performed under 
the direction of personnel with prerequisite training 
and a thorough knowledge of the particular 
procedure. Appropriate facilities should be 
available for coping with situations which may 
arise as a result of the procedure and for 
emergency treatment of severe reactions to the 
contrast agent itself; competent personnel and 
emergency facilities should be available for at 
least 30 to 60 minutes after I.V. administration since 
delayed reactions have been known to occur. 
These severe life-threatening reactions suggest 
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hypersensitivity to the contrast agent. A personal 
or family history of asthma or allergy or a history of 
a previous reaction to a contrast agent warrants 
special attention and may predict more accurately 
than pretesting the likelihood of a reaction 
although not the type nor severity of the reaction in 
the individual. The value of any pretest is 
questionable. The pretest most performed is the 
slow LV. injection of 0.5 to 1.0 ml. of the preparation 
prior to injection of the full dose; however, the 
absence of a reaction to the test dose does not 
preclude the possibility of reaction to the full 
diagnostic dose. Should the test dose produce an 
untoward response, the necessity for continuing the 
examination should be re-evaluated. If deemed 
essential, examination should proceed with all 
possible caution. In rare instances, reaction to the 
test dose may be extremely severe; therefore, 
close observation and facilities for emergency 
treatment are indicated. 

Renal toxicity has been reported in a few 
patients with liver dysfunction who were given oral 
cholecystographic agents followed by urographic 
agents; therefore, if known or suspected hepatic 
or biliary disorder exists, administration of 
Renografin-76 should be postponed following the 
ingestion of cholecystographic agents. Consider 
the functional ability of the kidneys before injecting 
Renografin-76. Use cautiously in severely 
debilitated patients and in those with marked 
hypertension. Bear in mind the possibility of 
thrombosis when using percutaneous techniques. 

In excretion urography, adequate visualization 
may be difficult or impossible in uremic patients or 
others with severely impaired renal function (see 
Contraindications). In aortography repeated intra- 
aortic injections may be hazardous; this also 
applies to pediatric angiocardiography particularly 
in infants weighing less than 7 kg. (see Wamings). 
in peripheral arteriography, hypotension or mod- 
erate decreases in blood pressure seem to occur 
frequently with intra-arterial (brachial) injections; 
this is transient and usually requires no treatment. 
Monitor blood pressure during the immediate 10 
minutes after injection. It is recommended that 
selective coronary arteriography not be performed 
for about 4 weeks after diagnosis of myocardial 
infarction; mandatory prerequisites to this 
procedure are experienced personnel, ECG 
monitoring apparatus, and adequate facilities for 
immediate resuscitation and cardioversion. 


ADVERSE REACTIONS: Nausea, vomiting, flushing, 
or a generalized feeling of warmth are the 
reactions seen most frequently with intravascular 
injection. Symptoms which may occur are chills, 
fever, sweating, headache, dizziness, pallor, 
weakness, severe retching and choking, wheezing, 
arise or fall in blood pressure, facial or conjunctival 
petechiae, urticaria, pruritus, rash, and other 
eruptions, edema, cramps, tremors, itching, 
sneezing, lacrimation, etc. Antihistaminic agents 


Reason 


H625-006 


may be of benefit; rarely, such reactions may be 
severe enough to require discontinuation of 
dosage. There have been a few reports ofa 
buming or stinging sensation or numbness, of 
venospasm or venous pain, and of partial collapse 
of the injected vein. Neutropenia or thrombo- 
phlebitis may occur. Severe reactions which may 
require emergency measures (see Precautions) 
are a possibility and include cardiovascular 
reaction characterized by peripheral vasodila- 
tation with hypotension and reflex tachycardia, 
dyspnea, agitation, confusion, and cyanosis 
progressing to unconsciousness. An allergic-like 
reaction ranging from rhinitis or angioneurotic 
edema to laryngeal or bronchial spasm or 
anaphylactoid shock may occur. Temporary renal 
shutdown or other nephropathy may occur. 
Adverse reactions as a consequence of 
excretion urography include cardiac arest, 
ventricular fibrillation, anaphylaxis with severe 
asthmatic reaction, and flushing due to general- 
ized vasodilatation. Risks of aortography procedures 
include injury to aorta and neighboring organs, 
pleural puncture, renal damage (including 
infarction and acute tubular necrosis with oliguria 
and anuria), accidental selective filling of right 
renal artery during transiumbar procedure in 
presence of preexistent renal disease, retro- 
peritoneal hemorhage from translumbar 
approach, spinal cord injury and pathology 
associated with syndrome of transverse myelitis. 
generalized petechiae, and death following 
hypotension, arrhythmia, and anaphylactoid 
reactions. In pediatric angiocardiography, amhyth- 
mia and death have occurred. During peripheral 
arteriography, hernomhage from puncture site, 
thrombosis of the vessel, and brachial plexus palsy 
(following axillary artery injection) have occured. 
During selective coronary arteriography and selective 


coronary arteriography with left ventriculography, 


transient ECG changes (most patients); transient 
armhythmias (infrequent); ventricular fibrillation 
(from manipulation of catheter or administration of 
medium); hypotension; chest pain; myocardial 
infarction; transient elevation of creatinine 
phosphokinase (occurred in about 30% of patients 
tested); fatalities have been reported; hemormhage., 
thrombosis, pseudoaneurysms at puncture site, 
dislodgment of arteriosclerotic plaques, dissection 
of coronary vessels, and transient sinus arrest 
have occurred due to the procedure. 

For full prescribing information, consult 
package insert. 


HOW SUPPLIED: Available in 20 mi. and 50 mi. 
single-dose vials and in 400 ml. and 200 mi. 
single-dose bottles. 
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Tough all over- 





New Halsey Comp-I-Sette I from USR 


Let’s face it. An X-ray cassette takes a beating. You stack them, 
load them, unload them, shuffle them, sort them. The going is really tough. 


So, for maximum durability, the new Halsey Comp-I-Sette I has an 
exclusive epoxy finish, electrostatically applied. 


The Comp-I-Sette I is truly the Premium Cassette at Standard Price. 


e Versatile—compatible with new automatic 
film loading system as well as manual handling. 


è Less induced static electricity—film drops 
in flat, without sliding. 


èe Meets international size standards. 


You won't have a tough time getting more information from your dealer. 
United States Radium Corporation, 1425-37th Street, Brooklyn, N.Y. 11218. 


USR 


A Products that work together for you 





Is this a coin lesion? 
Or something else. 





nt of Diagnostic Radiology 


University of Kentucky Medical Center, Departme 


(See tj Page xxxi) 


A perfect list of titles 
for your library 





Wi Basic Radiation Biology, 2nd ed. 


By DONALD J. PIZZARELLO, Ph.D., New York University Medical Center, New York; and RICHARD L. WITCOF- 
SKI, Ph.D. The Bowman Gray School of Medicine of Wake Forest University, Winston-Salem, North Carolina. 
143 pp. (7 x 10), 42 illus., 1975, $11.75. 


© Textbook of Radiotherapy, 2nd ed. 


By GILBERT H. FLETCHER, M.D., The University of Texas M. D. Anderson Hospital and Tumor Institute, Houston. 
(45 Contributors and Collaborators). 816 pp. (7 x 10), 427 illus., 1973, $39.50. 


Ø Cardiac Catheterization and Angiography 


Edited by WILLIAM GROSSMAN, M.D., Peter Bent Brigham Hospital, Boston, Massachusetts. (24 Contributors). 
339 pp. (7 x 10), 152 illus., 1974, $24.50. 


E Echocardiography 


By HARVEY FEIGENBAUM, M.D., Indiana University School of Medicine, Indianapolis. With the assistance of 
SONIA CHANG, B.S. 239 pp. (7 x 10), 193 illus., 1972, $11.00. 


M@ Cancer Medicine 


Edited and with contributions by JAMES F. HOLLAND, M.D., Mt. Sinai School of Medicine of the City Univer- 
sity of New York, New York City; and EMIL FREI, Ill, M.D., Harvard Medical School, Boston, Massachusetts. 
(158 Contributors). 2018 pp. (7 x 10), 589 figs., numerous charts and tables, 1973, $90.00. 


E Anatomy: A Regional Atlas of the Human Body 


By CARMINE D. CLEMENTE, Ph.D., University of California at Los Angeles School of Medicine. 320 pp. (81/2 
x 11), 595 figs. on 300 plates (mostly in color), 1975, $24.50. 


E Gray’s Anatomy of the Human Body, 29th American ed. 


By HENRY GRAY, F.R.S. Revised and edited by CHARLES MAYO GOSS, M.D., University of South Alabama 
College of Medicine, Mobile. 1466 pp. (7 x 10), 1178 illus. (mostly in color), 1973, $28.50. 


You have just seen seven reasons why you should visit us at 
the R.S.N.A. meeting in Chicago, November 30—-December 
4, Booth #2716. 


4 LEA & FEBIGER Washington Square /Philadelphia, Pa. / 19106 
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.and here’s why 


Simple, two-step procedure. Not an ampul, 
a frozen material. No waiting, no complicated 
mcedures or specialized equipment required. 
wt two easy steps and you're ready to assay 
J inject. 

Uniform particle size, excellent labeling 
ciency. Particle size meets or exceeds Bureau 
3iologics standards; 90% in 5-60 micron range. 
cellent labeling efficiency when reconstituted 
ih a compatible technetium 99m. 

Won't agglomerate in the vial, loses virtually 
labeling for 8 hours(if stored between 2°C.and 
C.). 

Ideal for the busy lab. Recommended amount 
©9mTc for reconstitution high enough to allow 
merous scans from a single vial. 
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STILL! the simplest, 
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Squibb 1. Add 1-3 mi. of 99mTc°* 2. Shake vigorously for 
Macrotec® Maintain shielding at 10-15 seconds. 
Aggregated Albumin all times. 
(Human) 
Mallinckrodt 1. Remove reaction vial from 2. Add 99mTc** Maintain 
TechneScan™ MAA _ “eezer and wait approxi- shielding at all times. 
Aggregated Albumin mately 5 minutes for con- 
( uman) tents to come to room 

temperature. 






3M 
Albumin 


Microspheres 
(Human) 


Medi+Physics 
Lungaggregate™ 
Reagent 


Aggregated Albumin 
(Human) Š 


1. Add 4-10 ml. of 89mTc** 





2. Shield completely and 
vigorously shake for 5-15 
seconds. 


1. Shake ampu/ vigorouslyto 2. Open ampul. 
suspand particles. 


Emphasis added bv Sauibb to point out certain differances in nrncediures 


MACROTEC’ (Aggregated Albumin (Human]) 


crotec (Aggregated Albumin {Human]) is a sterile, non-pyrogenic, lyophilized 

rarion of aggregated albumin. Each vial of the preparation contains 0.08 mg. 

4 as chloride, 15 mg. denatured human serum albumin, and 10 mg. Normal 

rum Albumin (Human). 

DICATIONS: For use in perfusion lung imaging as an adjunct to other diagnos- 

> procedures, 

NTRAINDICATIONS: At present there are no known contraindications to the 

of this product. 

Fe pesen Radiopharmaceuticals should not be administered to patients who 
t 















pregnant, or during lactation, unless the benefits to be gained outweigh the 

ential hazards. 

ideally, examinations using radiopharmaceuticals, especially those 
elective in nature, of a woman of childbearing capability, should 

be performed during the first few (approximately 10) days 


Se following the onset of menses 


~ 
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ni 


DY cians who are qualified by specific training in the 
safe use and handling of radionuclides pro- 


Wy Since *"Te is excreted in milk during lactation, formula- 
~ À feedings should be substituted for breast-feedings. 
. > Radiopharmaceuticals should be used only by physi- 
a 
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. Gently agitate vial for few  &. Aow to stand for 15 5. Visually i vial for 


minutes at room temperature. 











Remove vial from shield (with forceps) and place in center of 
operating u/trasonic bath containing 3/4" of water. Bath should 
be protected by /ead glass or bricks. 

Ultrasound for 5 minutes. 





. Withdraw (very slowly) 4. Inject (very slowly) syringe 5. Wrap mixing vial in absorbent 6. Add 0.5-2.0 ml. of 99mTc** 7 Shake contents vigorously  **Recommended maximu 
1.5-2.0 mi. of aggregate contents into mixing vial. paper disc and place in lead in saline into shielded mixing just before removing aliquot activity: 25 mCi/ml. 
from ampul with syringe. shield. vial. Shake vigorously for at intended for patient use. 

least 30 seconds. /ncubate at 

room temperature for 30 minutes. 
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presence of large aggregates. 
/f present, do not use. 







*Based on manufacturers’ product information. NOTE:See manufacturers’ package inserts before the preparation of any of these produc 


ing have been approved by the appropriate government agency authorized 
license the use of radionuclides. 

Note: Macrotec (Aggregated Albumin [Human]) is not radioactive. Howev 
after Tc is added, adequate shielding of the resultant preparation should a 
maintained. 

PRECAUTIONS: In the use of any radioactive materfal, care should be taken 
insure minimum radiation exposure to the patient consistent with proper patie 
management, and to insure minimum radiation exposure to occupational worke 

Aseptic technique is essential in the preparation of Technetated (Tc-99m" 
Aggregated Albumin (Human) 

ADVERSE REACTIONS: At present, adverse reactions have not been report 
following the administration of this product 

For full prescribing information, consult package insert 


HOW SUPPLIED: In boxes of 5 viais. 








Unlike many companies involved in nuclear medicine, Squibb is also a bro 
line pharmaceutical house. ..and has been for over a century. So when it comes 
formulation and quality contro! procedures, we wrote the book. Consider tr 
before you purchase any radiopharmaceutical. At Squibb, quality is a way of lifes 
LLL 








HOSPITAL omission 


E. R. Squibb & Sons, Inc. 
H605-507 b> 








Princeton, N.J. 08540 
© 1975ER. Squibb & Sons, Inc. 





** Recommended maxim 


activity: 50 mCi. 





6.Agitate to effect **Recommended 
homogenous sp eiri activity: 60 mCi. 
the aggregated albumin. 





**Recommended maximu 
activity: 30 mCi. 













Hunt Chemistry 





...the one way to DS 
high contrast and maximum densities 





HUNT PREMIUM 90/90 DEVELOPER & REPLENISHER 


_ „the one way to 
long-medium scale contrast with low base fog 


HUNT UNIVERSAL 90 DEVELOPER & REPLENISHER 


Hunt offers X-ray departments 
two chemical processing systems to 
reach optimum informational levels 
with a wide range of film emulsions 
and the broadest scale of contrasts. 


Rely on one of the Hunt developer 
systems to give you the results you 
want, with the film of your choice. 
Sensi-Mat Fixer is the companion fixer 
product for these systems. 


Our ability to offer more economy is new. 


Our formula for quality is unchanged. 


Because Hunt 
chemistry is compatible 
with a broad range of 
film emulsions you 
might expect it to cost 
more than other 
chemical systems which 
are formulated to meet narrower 
processing requirements. In fact, now 
Hunt processing systems cost less than 
other national brands thanks to a new 
marketing program that has helped 
reduce the price of our products. This 
cost saving factor plus our continuing 
policy of direct sales—from Hunt 
Chemical to you, the customer—make 
Hunt processing systems more 
economical than ever before. 

These are convincing reasons to 
“buy Hunt”in atime when department 
heads and hospital administrators 
are concerned with reducing the 





~~ À 
ERP systems have a “packed 


rising cost of film processing 
while maintaining quality 
results. 

You get more from Hunt 
than a “money saving 
package.” Hunt chemical 


formula” that will help you achieve con- 

sistent, optimum results with major 

domestic and imported 90-second films. 
For more details contact a Hunt 

representative at one of the many 

Hunt branches and sales offices 


throughout North 
America. He has 

the facts and the The 
experience to offer | 

technical assistance mage 
as your department Maker 


may require. 
Photographic Industry Group 











Philip A. Hunt Chemical Corporation, Palisades Park, N.J. 07650 
Philip A. Hunt Company (Canada) Ltd., Toronto 


The new Dynamax 70 tube series is 
esigned to meet the increased demands 
wn today’s x-ray facilities. The compact, 
ontemporary styling of the Dynamax 70 is 
mediately obvious. But, it’s what you 
ant see that really counts. The major ad- 
ances in internal functional design. A 
trengthened center section of the one- 
iece main body for added safety ... and 
2 heavy, one-piece lead shield inside it. 
nproved internal oil circulation for higher 
eat dissipation. Housing thermostat pro- 





tection. Greater electrical clearance. All 
inside a tough housing that will retrofit 
most x-ray systems. 

Available in a choice of focal spot 
combinations for the desired field coverage, 
the Dynamax 70 series is just one more 
reason to always specify Machlett. 

For complete details see your x-ray 
equipment dealer. Or write Machlett 
Laboratories, a subsidiary of Raytheon 
Company, 1063 Hope Street, Stamford, 
Connecticut 06907. 


Dynamax 70 


MACHLET? 


Thousands of RAREX Screens 
now in use with Blue film 


3.0 
Medical X-ray Film 
mmm (Blue Sensitive) 
RAREX B— Midi Speed Emission 
== =» «= (Green Sensitive) 
CaWO Emission 


cocccce (Scale Expanded) 
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RAREX Sales vs. Months 


Relative Intensity vs. Wave Length 
Here is why! 


As shown in this sales performance chart, RAREX Rare Earth 
Intensifying Screens have sold thousands in the past few months. 


Here is why. 


In the spectral curves, there is a clear coincidence between 
the emission spectra of RAREX Rare Earth Screens and the spectral 


response curve of blue sensitive film in the band from 3600 to 5000 A°. 
This is substantiated by actual field tests using blue sensitive 
film and RAREX Rare Earth Intensifying Screens which have 


demonstrated results equal to or better than those 
obtained using green sensitive film systems. 


Prove it for yourself. Write USR for a free demonstration. 
You will see that you get truly rare X-ray results with blue sensitive 
film and RAREX Rare Earth Intensifying Screens. 


United States Radium Corporation, 1425-37th Street, Brooklyn, N.Y. 11218. 
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PortaCamera system 
not only gets around 


your hospital...it gets 





around space & budget 
limitations, too. 


Name the scintillation camera 
system that’s more compact 
than a mobile patient stretcher, 
and can be wheeled just as 
easily into the CCU, ICU, even 
the O.R., making 99mTc 
studies possible with patients 
who can't be moved. 

A system that weighs under 
1,000 pounds...less than half 
the weight of others. And 
costs far less, too. 


Only one system fits that 
description: the PortaCamera™ 
system, by General Electric. 
Camera and integrated 
electronics console can serve 
as a comprehensive nuclear 
department on wheels for the 
hospital just getting into nuclear 
medicine. And as a versatile, 





high-performance back-up 
system to relieve patient loads 
in established nuclear 
institutions. 


PortaCamera system has no 
rival for ease of use. Counter- 
balanced detector permits 
precise positioning with supine 
or seated patients. No motors. 


No restrictive detector yoke. 
No awkward pedestal. Two- 
step operating procedure is 
quickly mastered by your 
technician, to speed patient 
through-put. 


The PortaCamera system is 
another example of General 
Electric’s expanding nuclear 
Capability. Backed by GE's 
recognized service organizatic 
And available under attractiv 
lease plans which don't requi 
a capital investment. Look fo 
the commitment behind the 
equipment. See your GE 
representative. 


General Electric 
Medical Systems 
Milwaukee, Toronto, 
Madrid 


GENERAL Q ELECTRIC 





introducing Fleet Bariun 
For cleaner colons 


Fleet® Barium Enem: 
Prep Kit No. 1 contai 


1% oz of Fleet 
Phosphoe-Soda, 
buffered saline laxgti 
to stimulate the a 
intestine; 

four Fleet® Bisacodyl! 
Tablets, contact laxa 
for colon stimulation 
one Fleet® Bisacodyl 
Suppository, contact 
laxative for final 
evacuation prior to 
examination. 


Fleet® Barium Enem; 
Prep Kit No. 2 contai 


11⁄2 oz of Fleet® 
Phosphos-Soda; 
four Fleet® Bisacody 
Tablets; 

one Fleet® Bagenem. 
a large-volume dispc 
able enema for final 
evacuation prior to 
examination. 

















-nema Pre D Kits | 
Jearer x-rays, and fewer retakes 


The all-new Fleet Barium 
EnemaPrep Kits are com- 


plete prepping systems 


that assure thorough and 


reliable colon cleansing 
prior to a barium enema 
exam. 


| | With effective and 
balanced methods of 
prepping 

Utilizing a combination of 
diet, hydration, and evacu- 
ation, the Fleet Barium 
Enema Prep Kits meet all 
the criteria for preparing 
the colon for examination 
as recommended by the 
American College of Radi- 
ology Ad Hoc Committee 
on Detection of Cancer of 
the Colon.' 


| | Available in two 
convenient forms 

There are two Fleet Barium 
Enema Prep Kits, so that 
now you have the option of 
choosing the final step that 
you prefer—enema or 
suppository. 





| | With a flexible 
time-table 

The Fleet Barium Enema 
Prep Kits also offer three 
convenient time schedules 
—12, 18, or 24 hours. So 
now, you Can tailor the 
prepping to fit better into 
your schedule and your 
patient’s routine. 


“In my experience across 
the country, talking to 
technicians and doctors, 
... the greatest defect in 
colon examinations, ...is 
in the preparation of the 
colon.” 


For better colon preparation 
and fewer repeat examina- 
tions, use Fleet Barium 
Enema Prep Kits routinely 
—as your prepping agent of 
choice in the Radiology 
Department and on an 
outpatient basis. 


References: 

1. Detection of Colon Lesions, 
First Standardization Con- 
ference, Amer. College of 
Radiology, (Chicago, IIl., 1973), 


. . 203-204. 

_] With easy-to-follow 2. Ibid, p.76. 

instructions 

Each Fleet Barium Enema 

Prep Kit supplies clearly 

written, concise instruction 

sheets for easy, dependable 

administration by the nurses 

inthe ward or by your patient Fleet C. B. Fleet Co.. Inc 
at home. Check-off boxes z eyi i ái 
ensure completion of each EDEN V A4005 


step. 
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THE SPECIFICITY OF RENAL VEIN THROMBOSIS* 


By CHARLES B. MULHERN, M.D., PETER H. ARGER, M.D., 
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ABSTRACT: 


Clinical and roentgenographic features of renal vein thrombosis are discussed. 
The authors’ experience with 17 cases is presented. 

The roentgenologist with a high degree of suspicion can, by correlation of clinical 
and urographic findings, make the specific diagnosis of renal vein thrombosis in a 


high percentage of cases. 


Oe described by Rayer in 
1840,” renal vein thrombosis is gen- 
erally considered an uncommon event. In 
the past, most cases were first recognized at 
autopsy. However, increased clinical un- 
derstanding and awareness of the condition 
in conjunction with improved roentgeno- 
graphic techniques should allow antemor- 
tem diagnosis. 

Our experience with 17 cases of renal 
vein thrombosis is presented. Correlation 
of the spectra of clinical and intravenous 
pyelographic presentations reveals a com- 
posite picture of the condition. Once sus- 
pected, the diagnosis can be confirmed an- 
giographically. Prompt and appropriate 
therapy may then be undertaken. 


BACKGROUND 


Harrison eż al. described 4 fundamental 


varieties of renal vein obstruction: (1) 
thrombosis of the inferior vena cava and 
involvement of the renal veins secondary to 
extension of thrombi from pelvic and leg 
veins; (2) compression or invasion of the 
inferior vena cava and renal veins by 
tumor; (3) renal vein thrombosis secondary 
to primary renal disease; and (4) primary 
renal vein thrombosis. Except in the infant, 
primary renal vein thrombosis is thought 
to be rare, and this is probably related to 
the rapidity of blood flow in the adult. In 
the infant the flow rate normally tends to 
be low and this may pe compromised fur- 
ther by problems such as dehydration sec- 
ondary to gastroenteritis. !!" 

The response of the kidney is determined 
both by the completeness of occlusion of the 
vein and by the temporal balance between 
the occlusion of the vein and the develop- 
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Tase I 
ACUTE RENAL VEIN THROMBOSIS: CLINICAL DATA SUMMARY 
Pul- 
Patient Age Sex Primary Condition Clinical Evidence rores monr Outcome 
I ss M Pancreatic adeno- Flank pain, leg edema Migratory, IVC X Death, renal failure 
. carcinoma 
a. a8 F SLE Flank pain, leg edema, palpable None None Alive, right nephrectomy 
kidney 
3 61 M Diabetes mellitus, Flank pain, leg edema IVC, leg X Death, pulmonary embolus 
hypertension l ‘ 
» 64 M  Coloncarcinoma Flank pain, leg edema, palpable IVC X Death, renal failure 
kidney 
5 so M Pancreatic or co- Flank pain, leg edema IVC, leg X Death, renal failure 
lon carcinoma 
6 62 M Abdominal aortic Abdominal pain, pulsatile mass None None Death, renal failure 
gncuryam 


SLE m Systemie lapus erythematosus. 
IVC Inferior vena cava. 


ment of collateral venous drainage. These 
factors in turn determine the clinical and 
roentgenographic presentations.” 1 18,20,28,38 
In the acute condition, sudden complete oc- 
clusion of the renal vein occurs. The af- 
fected kidney enlarges with consequent se- 
vere lumbar pain, and hematuria, pro- 
teinuria, and oliguria appear. Death from 
renal failure usually occurs if the condition 
is bilateral.4-13.28.28 However, if the occlu- 
sion is gradual or only partial, collateral 
venous drainage will be developed. The 
effects are correspondingly less serious and 
adequate renal function may be preserved. 
This latter is the most common situation; 
a nephrotic syndrome frequently de- 
velops, 8:11:17, 19,26 


CLINICAL AND UROGRAPHIC SPECTRA 


Acute renal vein thrombosis occurs with 
sudden complete occlusion of the vein. Six 
of our 17 patients presented in this fashion. 
Table 1 summarizes the clinical data of 
these patients. ` 

The patients were all acutely ill. Sudden 
persistent flank cr abdominal pain occurred 
in all 6 patients. 

Physical examination revealed marked 
costovertebral angle tenderness. Occasion- 
ally, the involved kidney was palpable (33 
per cent). Leg edema was an almost con- 
stant finding, being present in § of 6 pa- 


tients (83 per cent). Of particular note was 
the presence of thrombophlebitis and pul- 
monary embolism during the course of the 
illness; this occurred in 4 patients (67 per 
cent). Urinalysis in all 6 patients revealed 
gross hematuria and proteinuria. Of these 
6 patients, only 1 1s alive, and this patient 
was subjected to right nephrectomy; 4 
patients died in renal failure, and 1 patient 
died from pulmonary embolus. This repre- 
sents an 83 per cent mortality. 

Previous authors have commented on 
the variable spectrum of intravenous pyelo- 
graphic changes.>4 1.28,28 They have de- 
scribed a variability of renal size, nephro- 
gram density and excretory function. Gen- 
erally, there is absent to poor visualization 
of the collecting system which frequently is 
distorted and stretched, mimicking poly- 
cystic kidney disease. Compression of the 
renal pelvis and proximal ureter by the 
edematous, boggy renal mass may be 
seen,2-413,23,28,28 A summary of the intrave- 
nous pyelographic statistics in our 6 cases 
with acute renal vein thrombosis is pre- 
sented in Table 11. l 

The affected . kidney was increased in 
size in most cases (Fig. 1); width was in- 
creased to a greater degree than length. 
In so per cent of the patients; the nephro- 
gram was decreased as expected; however, 
in the other 50 per cent, it was increased 
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TABLE I] 
ACUTE RENAL VEIN THROMBOSIS: INTRAVENOUS PYELOGRAM DATA SUMMARY 
(6 Cases: 4 Intravenous Pyelograms) 
Renal Size Length Width 
Range 
Rt. II.5-14.5 .0-8.7 
Lt: 13.5-16.7 .5-8.4 
Average 
Rt. i Oe + 
Lt. 14.5 7.4 
Nephrogram Decreased 2 Increased 2 
Pelvocalyceal System Stretched 2 Not Seen 1 Dilated from obstruction I 
Ureters Displaced I Notched I Not seen 2 


(Fig. 2, 4 and B). We were able to visual- 
ize all but 1 pelvocalyceal system; 50 per 
cent of these were distorted and stretched 
(Fig. 2B; and 3). 

Additional roentgenographic findings 
may be helpful: evidence of pulmonary em- 
bolism occurred in 50 per cent of our pa- 
tients. Abdominal roentgenograms may re- 
veal a mass such as an aneurysm or neo- 
plasm in the region of the renal vein. 

Chronic renal vein thrombosis occurs with 
gradual or incomplete occlusion of the renal 
venous drainage. A nephrotic syndrome is a 
frequent sequela. 

McCarthy eż al." showed pain to be pres- 
ent in 13 of 40 patients (34 per cent). In 11 
patients (29 per cent) there was thrombosis 


Fic. 1. A 64 year old male with marked left flank 
pain. Note increase in length and width of left 
kidney (open arrows). 





of the inferior vena cava, and in 14 cases 
(36 per cent), thromboembolic occlusion of 
a pulmonary artery. 

Eleven of our 17 patients presented as 
chronic renal vein thrombosis. Table m1 
summarizes the clinical data. 

Seven of II patients were male; the 
average age was 56 years. Pain was a prom- 
inent feature in only 3 cases (27 per cent); 





Fic. 2. A 63 year old male with left flank pain. Note 
increasingly dense nephrogram between (4) 15 
minute film and (B) 5 hour film. Pelvocalyceal 
system stretched but not dilated (open arrows). 
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j o 
Fic. 3. A 28 year old female with right flank pain. 
Note stretched, distorted pelvocalyceal system. 


however, edema and a palpable mass were 
both present in 7 cases (64 per cent). As in 
the patients with acute renal vein throm- 
bosis, those with chronic renal vein throm- 
bosis demonstrated a high incidence of 
pulmonary embolism—4 cases (36 per cent). 
This is consistent with the high clinical in- 
cidence of pleuritic chest pain, pleural ef- 
fusion, and congestive heart failure in our 
patients. Primary renal disease was the ap- 
parent underlying etiology in 3 cases (27 
per cent), trauma in 2 cases (19 per cent), 
and carcinomatosis with a positive coagulo- 
gram in I case (9 per cent). In the remain- 
ing 5 cases (45 per cent), compression of 
the renal venous drainage was caused by 
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tumor (hypernephroma in 3, carcinoid in 1, 
and abdominal aortic aneurysm in 1). Of 
note is the fact that in only 1 of these latter 
patients (carcinoid) was the nephrotic 
syndrome present. 

On physical examination the most fre- 
quent abnormality was leg edema. Dilated 
abdominal wall veins with upward blood 
flow indicative of inferior vena caval ob- 
struction was seen in only I patient. 

Proteinuria was the only consistently 
found laboratory abnormality. The urin- 
alysis, however, may also demonstrate oc- 
casional red blood cells, white blood cells, 
granular or hyaline casts, and oval fat 
bodies. 

Creatinine and blood urea nitrogen levels 
ranged from normal to moderately ele- 
vated. 

As in the acute condition, various auth- 
ors have described a variety of intravenous 
pyelographic appearances in chronic renal 
vein thrombosis.*:4:15:27,26,28 

Table 1v summarizes urographic data of 
the 10 of 11 patients with available studies. 

Renal size was generally increased; the 
width, as in the acute stage, was increased 
to a greater degree than length (Fig. 4; 
and 5). The nephrogram was normal in 5 
cases (50 per cent), decreased in 4 cases (40 
per cent), and increased in only 1 case (10 


TABLE III 


CHRONIC RENAL VEIN THROMBOSIS: CLINICAL DATA SUMMARY 


, Age Nephrotic Tumor In- Pulmonar 
Patient iy Primary Condition Clinical Evidence Thrombophlebitis P vasion or y 
ex Syndrome ç . _ Embolus 
ompression 
1. IM SLE Pain, mass, edema X X O X 
(IVC occlusion) 
2. §5F Hypernephroma Mass O O X O 
3- 70F Hypernephroma Pain, mass O O X O 
4. 42M Trauma Edema, mass O X O O 
s. 52M Trauma Edema x X O X 
(IVC occlusion) 
6. 72M_ Diabetes mellitus Edema O X O O 
7-  §1M Carcinoid Edema X X X X 
(IVC occlusion) 
8. 48M Hypertension Pain, edema, mass X X O X 
9. 75M Hypernephroma Mass O O X O 
10.  68F Positive coagulogram; carcinoma, un- Edema X X O O 
certain primary 
11. 63F Abdominal aortic aneurysm Mass O O X O 


SLE = Systemic lupus erythematosus. 
IVC= Inferior vena cava. 
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TABLE IV 
CHRONIC RENAL VEIN THROMBOSIS: INTRAVENOUS PYELOGRAM DATA SUMMARY 
(11 Cases, 10 Intravenous Pyelograms: 1 Report Only) 
Renal Size Length Width 
Range 
Rt. A Ee a as 6.0-10.0 
Lt 12.5-17.3 6.0-10.0 
Average 
Rt. 13.8 a8 
Lt, 14.5 7.9 
Nephrogram Normal 5 Decreased 4 Increased Iı 
Pelvocalyceal System Normal 2 Stretched 6 Not seen ı Dilated secondary to 
Ureters Normal 1 Not seen 3 Notched 6 obstruction I 


per cent). The pelvocalyceal system was 
normal in only 2 cases (20 per cent), and 
distorted and stretched in 6 cases (60 
per cent) (Fig. 4; and 5). In 6 of 7 cases 
(86 per cent) visualized ureters were 
notched (Fig. 5; and 6). 

Additional roentgenographic findings 
which may be helpful include the chest 
roentgenogram for evidence of pulmonary 
emboli or metastatic disease (55 per cent). 
A mass in the region of the kidney or renal 
vein may be evident on abdominal roent- 
genograms. 


ADDITIONAL ROENTGENOGRAPHIC 
TECHNIQUES 


Retrograde pyelography generally is in- 
dicated only in the face of an enlarged kid- 





$ $ Ba. 
— ` < js 


Fic. 4. A 40 year old male with the nephrotic syn- 
drome. Note large, widened left kidney (open 
arrows). The renal outline is fuzzy. The pelvo- 
calyceal system is distorted and stretched (closed 
arrows). 





ney without visualization of the collecting 
system on drip infusion intravenous pyelog- 
raphy. Weiner eż al.” recently reviewed the 
findings in renal vein thrombosis using 
retrograde pyelography. Of note was the 
presence of an irregular pelvic outline in 
association with an irregular nodular- 
linear mucosal pattern. Others have noted 
the splayed collecting system, narrowing of 
the ureteropelvic junction, and parenchy- 
mal back diffusion of injected contrast ma- 
terial—all findirgs secondary to marked 
renal edema.!®?8 

Renal arteriography for several reasons 
is to be preferred as the initial confirmatory 
angiographic study.: With this study, one 
may evaluate, without the danger of dis- 
lodging a clot, the state of the renal paren- 





age ; 


Fic. 5. A 15 year old male with the nephrotic syn- 
drome. Note large kidneys with stretched pelvo- 
calyceal systems. Ureteral notching is marked on 
the right (open arrows). 





Fic. 6. A §3 year old male with the nephrotic syn- 
drome. Note mildly stretched pelvocalyceal Sys- 
tem and notched ureter on the left (open arrows). 


chyma and renal blood dow. Also, with de- 
layed filming, one may visualize the renal 
vein and possibly the site of obstruction. 
Collateral renal venous drainage may be 
seen. Arterial changes include decreased 
caliber of the arteries, decreased rate of 
blood flow, and deviation and stretching of 
the interlobar arteries.*6?8 The nephro- 
graphic phase may reveal loss of the normal 
distinction between the cortical and medul- 
lary blush.’ In the chronic stage, these 
findings in the arterial and nephrographic 
Stages may not be seen. Notching of the 
ureter secondary to collaterals may be 
documented.?* 

The more definitive, although somewhat 
hazardous, technique in doubtful cases is 
inferior vena cavography, with or without 
selective renal phlebography. Janower"! 
emphasizes the role of femoral vein injec- 
tion using an 18 gauge needle as a con- 
firmatory measure. This not only reduces 
the hazards that occur with catheter em- 
ployment but also allows clarification of 
the diagnosis with use of only basic equip- 
ment without specialized skills (Fig. 7). In 
both the acute and chronic case, renal vein 
thrombosis may be demonstrated by vis- 
ualization of clot. The lack of wash-out in 
the renal veins is a suggestive finding. In 
selective renal phlebography, prolonged 
wash-out time associated with decreased 
renal vein branch filling is consistent with 
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thrombosis of the smaller venous rad- 
icles, 914 


DISCUSSION 


Renal vein thrombosis has a relatively 
grave prognosis. Treatment, although not 
clearly defined, can be undertaken only 
after having established a definitive diag- 
nosis. Of particular interest is the relative 
infrequency with which the premortem 
diagnosis is definitely established. 

The clinical presentation of renal vein 
thrombosis has been described in the liter- 
ature as a spectrum. Yet Pollak et a/.?° con- 
cluded that in a significant proportion of 
patients, the syndrome is characteristic 
enough to permit a clinical diagnosis. De- 
spite positive urographic and ancillary 
roentgenographic features in most cases, 





Fic. 7. Right femoral vein injection shows venous 
obstruction with extensive collaterals. 
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few authors have appreciated a character- 
istic roentgenographic picture of this en- 
tity. An analysis of our experience with 17 
cases reveals on the contrary a significant 
degree of diagnostic specificity if particular 
attention is paid to the historical data, 
physical findings, and laboratory data in 
conjunction with the urographic observa- 
tions. 

The acute episode of renal vein throm- 
bosis presents a rather classical picture. 
The outstanding features are: (1) pain in 
the lower back or flank usually radiating to 
the groin area; (2) frequently a palpable 
mass; (3) associated edema in the lower 
extremities; (4) hematuria; (5) proteinuria; 
and (6) frequently extrarenal thromboem- 
bolic episodes. Urographically, the kidney 
appears congested, with increased dimen- 
sions. There may be no renal contrast me- 
dium excretion on the involved side (or 
sides). More commonly, a nephrogram 1s 
seen and, although faintly visualized, the 
collecting system is stretched. 

At this point, utilizing available clinical 
and roentgenographic information con- 
siderably narrows the diagnosis. Obstruc- 
tive uropathy secondary to a urinary tract 
calculus is a frequent consideration but 
should not produce proteinuria, peripheral 
edema, or thromboembolic episodes if these 
are present. A stretched pelvocalyceal sys- 
tem, when visible, is also inconsistent with 
this diagnosis. Other diagnostic considera- 
tions such as renal artery occlusion or peri- 
nephric abscess are also unlikely to present 
with a clinical and roentgenographic ap- 
pearance which might be confused with 
renal vein thrombosis. When this disease 1s 
suspected, inferior vena cavography or 
arteriography will easily confirm the diag- 
nosis. 

In chronic renal vein thrombosis associ- 
ated with the nephrotic syndrome, the di- 
agnosis is usually less clear-cut and the dif- 
ferential diagnosis includes essentially all 
the causes of the nephrotic syndrome. 
Typically the patient presents with a pre- 
vious history of flank pain or thromboem- 
bolic episodes. Physical evidence of inferior 
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TABLE V 


REPORTED CONDITIONS ASSOCIATED 
WITH RENAL VEIN THROMBOSIS 





1. Infectious 
Pyelonephritis 
Ascending phlebitis 
Ileocolitis 
Phycomycosis (particularly with lymphoma, 
leukemia) 
2. Neoplasm 
Hypernephroma 
Transitional cell carcinoma, renal pelvis 
Primary carcinoma elsewhere (bronchogenic car- 
cinoma, breast carcinoma, hepatoma) 
3. Circulatory Disorder 
MI; CHF 
Cyanotic and polycythemic conditions 
Sickle cell anemia 
4. Systemic Disorders 
Amyloidosis 
Diabetic glomerulosclerosis 
Renal hypertension 
. Trauma 
. Surgery 
Splenorenal shunt 
Transplant 
Indwelling catheter in IVC 
7, Other 
Idiopathic 
Papillary necrosis 
Post partum 
Consumptive coagulopathy 
Glomerulonephritis, membranous 


nn 





MI= Myocardial infarct. 
CHF= Congestive heart failure. 
IVC= Inferior vena cava. 


vena caval obstruction, such as collateral 
abdominal veins or lower trunk and leg 
edema, may be observed. The presence of 
an underlying disorder associated with in- 
creased incidence of renal vein thrombosis 
is supportive evidence (Table v). 

Urographically, the involved kidney may 
demonstrate the following: (1) slight in- 
crease in size; (2) normal or slightly de- 
creased concentration of contrast material 
by the kidney; (3) a stretched collecting 
system; and (4) ureteral notching. It is 
important to emphasize that these findings 
may be minimal. 

It is not feasible in the present frame- 
work to list all possible causes of the 
nephrotic syndrome and its corresponding 
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clinical and urographic picture to differ- 
entiate it from that seen in chronic renal 
vein thrombosis. However, using a modifi- 
cation of the etiologic scheme of the ne- 
phrotic syndrome as proposed by Schrei- 
ner,™ one can eliminate several categories 
rather simply. For example, historical data 
should reveal exposure to nephrotoxins, 
allergens, or harmful drugs. The clinical 
history and laboratory data should expose 
an infectious etiology of the nephrotic syn- 
drome. Various metabolic diseases present- 
ing with a nephrotic syndrome, such as 
diabetic glomerulosclerosis, will generally 
have associated abnormal laboratory val- 
ues, such as an abnormal glucose tolerance 
test. Urography will commonly exhibit 
small shrunken kidneys bilaterally. 
Amyloidosis may be a very difficult di- 
agnosis to exclude. The physical examina- 
tion rarely reveals evidence of amyloid 
deposition elsewhere. Rectal biopsy is a 
safe confirmatory procedure. Symmetrical 


urographic changes are likely and ureteral 


notching is not seen. 

Various other systemic diseases noted 
by Schreiner” may also cause the nephrotic 
syndrome. By virtue of the fact that they 
are systemic diseases, evidence of the path- 
ologic process should be clinically present 
elsewhere. Sickle cell anemia, for example, 
will present in a young Black with a posi- 
tive sickle cell preparation. Essential hy- 
pertension can be suspected on the basis of 
severe hypertension and other evidence of 
systemic vascular disease, such as eye- 
ground changes. 

Glomerular disease, one of the most fre- 
quent causes of the nephrotic syndrome, 
must also be excluded. Recent sore throat 
with fever or a positive ASO titer is con- 
sistent with glomerulonephritis. Hema- 
turia, the hallmark of glomerulonephritis, 
is à prominent finding in renal vein occlu- 
sion only during the acute stage. The uro- 
‘graphic findings of acute renal vein throm- 
bosis are not present in glomerulonephritis. 

In those patients with chronic renal vein 
_ thrombosis not associated with a nephrotic 


syndrome, tumor is the most likely etiologic _ 
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factor. Hypernephroma or renal pelvic car- 
cinoma; the most frequent neoplasms to 
invade the renal vein, should be recognized 
roentgenographically. Compression or in- 
vasion of the renal vein or vena cava by 
tumor may be suspected on the urogram 
with ureteral notching. 

As is the case in many other diséases, the 
clinical and urographic picture of renal 
vein thrombosis is: sufficiently character- 
istic to establish the diagnosis, A high index 
of suspicion on the part of the clinician or 
the radiologist will lead to the diagnosis in 
most instances. Confirmatory studies, par- 
ticularly modified inferior vena cavog- 
raphy, may be undertaken immediately. 
Arteriography will yield further confirma- 
tory information. 


Charles B. Mulhern, M.D. 

Department of Radiology 

Hospital of the University of Pennsylvania 
3400 Spruce Street 

Philadelphia, Pennsylvania 19104 
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COÑTROL OF RENAL HEMORRHAGE BY 
SELECTIVE ARTERIAL EMBOLIZATION * 
By VINCENT P. CHUANG, M.D., STEWART R. REUTER, M.D., JOSEPH WALTER, M.D., 
WILLIAM D. FOLEY, M.D., and JOSEPH J. BOOKSTEIN, M.D.f 
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ABSTRACT: 


An attempt was made to control renal hemorrhage by selective embolization of 
the renal artery in 7 ‘patients. In 2 patients the bleeding site was single, but in 2 
others, several sites of arterial extravasation were present. Two patients had arterio- 
venous fistulas, and 1 had an unsalvageable, macerated kidney. Six of the 7 patients 
(86 per.cent) were treated successfully. Nephrectomy was avoided in 5. No patient 
developed hypertension during the follow-up of 4 months to 2 years. Our results in 
these patients indicate that selective arterial embolization should have an important 
place in the management of patients with renal trauma. 


NGIOGRAPHY is the most accurate 
method for evaluating patients with 
renal .trauria.®}° Selective renal angiog- 
raphy allows diagnosis of injury to the 
renal pedicle, arteriovenous fistula, paren- 
chymal vascular disruption, infarction, and 
perinephric hematoma. Recently, renal 
arterial embolization has been used to con- 
trol post-traumatic renal hemorrhage in 
humans*4-2-and in experimental animals.‘ 
Including our preliminary reports of 2 
patients," we have attempted embolic 
control of renal hemorrhage in 7 patients 
and have been successful in 6. In the evalu- 
ation and treatment of these patients we 
have encountered a variety of problems, 
including multiple. renal bleeding sites, 
large arteriovenous fistulas, and an unsal- 
vageable kidney: 


REPORT OF CASES 


Patients with a single site of hemorrhage. 


Case 1. A 15 year old boy was admitted with 
gross hematuria caused by blunt abdominal 
injury. An intravenous urogram showed de- 
creased function of the left kidney. Blood clots 
were present in the left renal pelvis. The vital 
signs were stable and he was treated with bed 
rest and observation. His hematuria improved 
initially, but then became more severe. A renal 


angiogram 9 days after hospitalization revealed 
a 2 cm. false aneurysm in the midportion of 
the left kidney (Fig. 14). The catheter was 
selectively positioned into the bleeding seg- 
mental artery and o.5 cc. of autogenous clot 
was injected. A repeat study showed the bleed- 
ing artery to be completély occluded (Fig. 1B). 
The patient had slight flank pain for 2 hours 
and his hematuria gradually cleared over 2 
days. An angiogram 5 days after embolization 
revealed that the previously occluded branch 
was again patent except for a small residual 
thrombus. Another angiogram 3 months later 
showed very slight narrowing of the previously 
embolized segmental artery but normal inter- 
lobar arteriés and nephrogram (Fig. 1C). The 
false aneurysm remained thrombosed, and 
there Has been no recurrence of the hematuria. 
He has remained normotensive during 2 years 
of follow-up. 


Case 11. A 35 year old man developed gross 
hematuria after falling from a roof. An intra- 
venous urogram revealed poor visualization of 
the right upper calyces. His blood pressure 
was 108/70 mm. Hg initially. During the fol- 
lowing week of observation his. hematocrit 
fell in spite of several transfusions, and the 
hematuria persisted. A renal angiogram demon- 
strated a fracture in the lower pole of the right 
kidney with a pseudoaneutysm in direct com- 
munication with a calyx. Selective injection of 
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Fic. 1. Case 1. A 15 year old boy was ad- 
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mitted because of gross hematuria after 
a baseball injury. (4) A renal angiogram 
g days after the initial trauma. A 2 cm. 
false aneurysm (arrow) is present in the 
midportion of the left kidney. The upper 
pole of the left kidney receives its blood 
supply from an accessory artery. (B) A 
renal angiogram following selective in- 
jection of 0.5 cc. autogenous clot into 
the upper branch. The bleeding branch 
(arrow) is occluded. Contrast material 
remains in the false aneurysm from the 
prior injection because occlusion pre- 
vents its being washed out. Peripheral 
branches in the lower pole are also oc- 
cluded by emboli which have refluxed 
out of the embolized artery. (C) A fol- 
low-up angiogram 3 months after em- 
bolization. The previously occluded seg- 
mental artery (arrow) is very slightly 
narrowed. The interlobar arteries are 
normal and the nephrogram, homoge- 
neous. The patient has remained normo- 
tensive during 2 years of follow-up. 


301 


302 


several aliquots of 0.1 cc. autogenous clot 
mixed with oxycel (Parke, Davis) failed to con- 
trol the bleeding. The patient became restless 
and further embolization with a larger amount 
of clot was not attempted. He had a nephrec- 
tomy 2 days later. 


Patients with multiple bleeding sites. 


Case mr, An 18 year old man had right flank 
pain and gross hematuria after a motorcycle 
accident. His blood pressure on admission to a 
local hospital was 100/60 mm. Hg. The intra- 
venous urogram showed poor visualization of 
the right upper calyces. The hematuria per- 
sisted and his hematocrit level fell from 47 to 
33 gm. per cent over 8 days of observation. His 
blood pressure rose to 170/100 mm. Hg. After 
transfer to the University of Michigan Medical 
Center, a repeat intravenous urogram revealed 
extravasation of contrast medium from the 
right kidney. A renal angiogram showed 3 dis- 
‘tinct areas of extravasated contrast medium 
(Fig. 24). Two of these bleeding sites originated 
from a ventral branch and were successfully 
controlled with 0.5 cc. of Amicar-mixed blood 
clot (Fig. 28). Because of stenosis and torsion 
of the origin of the dorsal segmental branch, 
however, the third, small bleeding point could 
not be embolized. His hematuria cleared in 3 
days and his blood pressure stabilized at 130/80 
mm. Hg. He remained asymptomatic and was 
normotensive (120-130/80-g0 mm. Hg). A 
repeat renal angiogram 3 months later showed 
that the previously embolized segmental artery 
was patent but had decreased in diameter (Fig. 
2C). The lower pole of the left kidney was also 
smaller, probably because of infarction. Renin 
assays revealed no difference between kidneys 
(right renal vein 4.6 ng./ml./hr., left renal vein 
4.2 ng./ml./hr., and the inferior vena cava 2.7 


ng./ml./hr.). 


CaseE tv. A 16 year old boy received a shot- 
gun wound to the right chest and abdomen. 
The positive findings on admission included a 
20 per cent right pneumothorax, gross hema- 
turia, and multiple buckshot pellets in the right 
upper quadrant of the abdomen and right 
upper extremity. His blood pressure was 120/80 
mm. Hg. Abdominal exploration revealed non- 
bleeding lacerations of the right lobe of the 
liver and 30-40 pellet injuries to the right kid- 
ney, none of which was bleeding. Postoper- 
atively, he continued to have hematuria and 
required several transfusions. A renal angio- 
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gram on the fourth postoperative day demon- 
strated several bleeding sites in the lower pole 
of the right kidney. Several injections of ap- 
proximately 1.5 cc. of autogenous clot were 
made into the bleeding branches. The repeat 
angiogram revealed successful control of the 
bleeding, as well as areas of decreased and ab- 
sent concentration in the nephrogram second- 
ary to the emboli. An angiogram 1 week later 
showed areas of infarction but no active bleed- 
ing. A pseudoaneurysm and an arteriovenous 
fistula had developed in the mid portion of the 
kidney. No further treatment was given. His 
hematuria gradually cleared in 10 days after 
arterial embolization. He did well clinically 
and was discharged. A follow-up renal angio- 
gram 5 months later revealed that the false 
aneurysm and arteriovenous fistula were still 
present but had decreased significantly in size. 
The right kidney had decreased 0.5 cm. in its 
greatest length. The results of renin assays at 
this time were: right renal vein 10.96 ng./ml./ . 
hr.; left renal vein 5.68 ng./ml./hr.; upper 
vena cava 6.29 ng./ml./hr.; and lower vena 
cava 6.0 ng./ml./hr. The right renal vein renin 
value was 93 per cent higher than the left. 
His blood pressure was 130/70 mm. Hg. He 
was discharged to be followed as an out-patient. 


Patients with arteriovenous fistulas. 


CasE v. A 25 year old pregnant woman was 
admitted because of toxemia. She had a blood 
pressure of 200/120 mm. Hg, Jeg edema, uremia, 
proteinuria, and positive LE preparations. She 
responded poorly to treatment. A percutaneous 
renal biopsy of the lower pole of the right kid- 
ney revealed severe lupus nephritis. Following 
the biopsy she developed hematuria which 
continued for 8 days. Several units of blood 
were required because of unstable vital signs. 
A renal angiogram 8 days after biopsy revealed 
2 arteriovenous fistulas in the lower pole of the 
right kidney. After selective catheterization of 
the artery supplying both fistulas, 1.0 cc. 
autogenous clot was injected. A repeat angio- 
gram revealed occlusion of both arteriovenous 
fistulas. The hematuria ceased abruptly. The 
patient had slight flank pain for 2 hours. A 
follow-up angiogram 5 days later showed that 
all the occluded branches were again patent. 
No residual thrombus or arteriovenous fistula 
was seen. The patient’s hypertension persisted 
and she died a month later of cerebral involve- 
ment and terminal pneumonia. An autopsy 
showed a small infarct in the lower pole of the 
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Fic. 2. Case m1. An 18 year old man was in- 
jured in a motorcycle accident. (4) A renal 
angiogram 10 days after the trauma. Two 
distinct areas of extravasated contrast me- 
dium (arrows) are seen and the origin of the 
dorsal renal artery is sharply angulated. A 
third, small area of extravasated contrast 
medium is superimposed on the lower bleed- 
ing site. (B) A renal angiogram following 
embolization with 0.5 cc. autogenous clot. 
The segmental artery supplying the 2 large 
bleeding sites is occluded. The pool of con- 
trast medium at the upper major bleeding 
site remains because it is not being washed 
out. The third, small bleeding site (arrow) 
could not be embolized because of the angu- 
lation at the origin or the upper segmental 
artery. (C) A follow-up angiogram 3 months 
after embolization. The previously embolized 
artery is patent but decreased in size. The 


nephrogram phase revealed renal infarction in the lower pole. The embolized bleeding sites remained 
occluded and the small, non-embolized bleeding site had closed spontaneously. The patient has re- 
mained asymptomatic and normotensive despite the renal infarction from embolization. 


right kidney but no residual thrombus or ar- 
teriovenous fistulas. 


Case vi. A 33 year old man was knifed in the 
right posterior chest. In addition to a 20 per 
cent right pneumothorax, successfully treated 
with a chest tube, he had gross hematuria. 
The intravenous urogram revealed decreased 
function of the right kidney with clot in the 
renal pelvis and upper ureter. The inferior pole 
of the right kidney was displaced laterally by a 
retroperitoneal hematoma. An_ exploratory 


celiotomy showed a large right perinephric and 
periduodenal hematoma, but no injury to the 
liver, bile ducts, pancreas, or intestine. He was 
treated conservatively, but his hematuria per- 
sisted. A renal angiogram demonstrated a 2 cm. 
pseudoaneurysm in the upper pole of the right 
kidney associated with a large arteriovenous 
fistula (Fig. 34). An injection of 0.5 cc. Amicar 
clot passed through the fistula. A 5X5 X20 
mm. Gelfoam embolus was then injected and 
a repeat angiogram demonstrated nearly com- 
plete occlusion of the artery (Fig. 38). A 
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further 0.5 cc. Amicar clot completed the oc- 
clusion. The color of the urine changed immedi- 
ately from red to light pink and became clear 
over 2 days. A renal angiogram 4 days later 
showed thrombosis of the embolized artery 
at its origin, with obliteration of the pseudo- 
aneurysm and arteriovenous fistula (Fig. 3C). 
The patient did not experience any pain during 
the embolization. No further treatment was 
given; he became asymptomatic, was dis- 
charged 1 week later, and has remained normo- 
tensive during 4 months of follow-up. 


Patient with an unsalvageable kidney. 


Case vir. An 18 year old woman who injured 
her left back in an automobile accident was ad- 
mitted in shock. Her blood pressure was stabil- 
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Fic. 3. Case v1. A 33 year old man was knifed 
in the right posterior chest (4) A renal an- 
giogram 3 days after the injury. A 2 cm. 
pseudoaneurysm and a large arteriove- 
nous fistula are present. The contrast me- 
dium passes rapidly to the renal vein and in- 
ferior vena cava. (B) A renal angiogram after 
injection of a 5X5 X20 mm. Gelfoam em- 
bolus. The artery (arrow) feeding the ar- 
teriovenous fistula is nearly occluded. A fur- 
ther injection of 0.5 cc. Amicar clot com- 
pleted the occlusion. (C) A renal angiogram 
4 days after embolization. The embolized 
artery has thrombosed back to its origin 
(arrow). The pseudoaneurysm and arterio- 
venous fistula remain thrombosed. 


ized with 4 units of blood. An intravenous uro- 
gram demonstrated transection of the left kid- 
ney with perinephric extravasation of contrast 
medium. Only the upper pole functioned. The 
left calyces and pelvis were not seen. Because of 
transection of the renal pelvis, however, she 
had no hematuria. An emergency angiogram 
revealed transection of the left kidney with 
multiple sites of extravasated contrast medium 
in the upper pole. During the angiography, her 
vital signs became unstable. Selective arterial 
embolization was used to control the renal 
hemorrhage. An injection of 0.3 cc. autogenous 
clot was made into the only remaining upper 
pole renal artery and a repeat angiogram 
showed successful control of bleeding. Her 
blood pressure and hematocrit level became 
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stable for the next 48 hours, but she then de- 
veloped a temperature of 101 degrees, presum- 
able due to retroperitoneal leakage of urine. A 
nephrectomy was done 4 days after emboliza- 
tion. The transected kidney and the perinephric 
hematoma had formed a solid mass, and the 
surgeons considered the nephrectomy much 
easier than one performed in the face of active 
bleeding. The pathological examination revealed 
a severe renal crush injury, but residual 
thrombi were not demonstrated in any of the 
arteries. 


DISCUSSION 


The treatment of renal trauma has gen- 
erally been conservative. However, Scott 
et al. have recommended an increased use 
of angiography and an aggressive operative 
approach in patients with penetrating renal 
injuries. Angiography is advocated not only 
because of the high incidence of false nega- 
tive results at intravenous urography, but 
also because of its high accuracy in detect- 
ing injury to the renal pedicle and major 
parenchymal wounds. Moreover, as shown 
by our patients, the catheter can usually 
be advanced into a bleeding segmental 
artery and the bleeding controlled by se- 
lective embolization. Even if the kidney is 
so severely damaged that it is not salvage- 
able, embolization can be used to achieve 
immediate hemostasis, allowing an emer- 
gency nephrectomy to be transformed to an 
elective procedure. 

We prefer autogenous blood clot as the 
embolic material for renal artery emboliza- 
tion because of its relatively short duration 
of occlusion. Since renal arteries are end 
arteries, the ideal embolic occlusion should 
last long enough to control the bleeding 
but not long enough to cause infarction. It 
has been shown experimentally that most 
autogenous blood clot emboli lyse from 
normal segmental and interlobar renal 
arteries in a few hours,?* although they 
seem to persist longer in areas of injury. 

When several bleeding sites are present, 
control of all the bleeding sites is more diff- 
cult. However, since laparotomy for per- 
sistent bleeding in these patients generally 
results in a nephrectomy, aggressive at- 
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tempts at transcatheter hemostasis are 
justified. 

In Case 11 the patients hematuria 
cleared and his hypertension dramatically 
abated even though only 2 of the 3 active 
bleeding sites were controlled. In Case rv, 
several bleeding sites were controlled 
by using a relatively large amount of auto- 
genous clot. Although the kidney was 
smaller on a follow-up angiogram, the 
hematuria was controlled and the patient 
continued to be normotensive on follow-up. 
Thus, both patients with multiple bleeding 
sites were successfully treated by setective 
embolization. 

Both patients with arteriovenous fistula 
were treated successfully. The small ar- 
teriovenous fistula in Case v was occluded 
with a single injection of autogenous clot. 
The large arteriovenous fistula with a false 
aneurysm in Case vi was more of a problem. 
Because of the large communication, the 
fragments of blood clot were swept through 
the fistula. Therefore, a long piece of Gel- 
foam was used to occlude the fistula. Gel- 
foam can be cut into the desirable size and 
shape, soaked and softened in solution, 
then squeezed through a catheter in one 
piece. 

Case vil presented a different problem. 
In addition to renal transection, the lack of 
hematuria in this patient indicated sever- 
ance of the renal pelvis or ureter. Thus, the 
kidney was probably unsalvageable. Since 
a transfusion of 4 units of blood within a 
period of several hours failed to control her 
vital signs, the active bleeding demon- 
strated by renal angiography was judged 
life threatening. In such a situation, im- 
mediate hemostasis by transcatheter em- 
bolization is simple and rapid, and allows 
the nephrectomy to be performed electively. 

An important finding in this group of 
patients is that none developed hyperten- 
sion. Five of the 7 had had normal blood 
pressures before and after renal artery em- 
bolization, and have remained normotens- 
ive for 4 months to 2 years of follow-up. 
One patient (Case v) was hypertensive be- 
fore the embolization and her blood pres- 
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sure remained elevated after embolization 
until death. The other patient (Case 111), 
who was initially normotensive, developed 
hypertension a week after renal trauma, 
but returned to normal 5 days after em- 
bolic control of the renal bleeding. Also in 
support of this encouraging finding, Kelley 
et al? and Chuang and associates* have 
noted that experimental renal arterial em- 
bolization in dogs does not cause hyper- 
tension for periods up to 2 months. Also, 
Almgard et al. noted that their patients 
remained normotensive following emboliza- 
tion of renal adenocarcinomas. Since the 
work of Goldblatt et a/.,° much research has 
been done in the field of renovascular hy- 
pertension. Although questions remain un- 
answered, there is general agreement that 
embolic infarction of a renal segment or the 
entire kidney need not produce hyperten- 
sion. A recent study by Goldin eż al" has 
shown in experimental animals that com- 
plete renal infarction with selectively in- 
jected barium failed to cause hypertension. 
However, the development of collateral 
circulation which results in ischemic -but 
viable tissue generally causes hyperten- 
sion."* 

The renin values in the traumatized and 
embolized kidneys are interesting. In Case 
u, no significant difference of the renin level 
was noted 3 months after the trauma and 
embolization. In Case 1v, the renin level 
was higher in the embolized kidney than 
in the non-traumatized kidney but the pa- 
tient remained normotensive. The elevated 
renin level could result from renal trauma 
itself, the arterial embolization, or the re- 
sidual arteriovenous fistula. Since most of 
our patients remained normotensive and 
asymptomatic, the renal vein renin assay 
was not done as part of the follow-up study. 
A determination of renin levels will be part 
of subsequent follow-up studies. 

The failure of treatment in Case 11 was, 
in retrospect, probably due to an inade- 
quate quantity or size of emboli. The study 
was done early in the series, and only a 
small quantity of clot was used. Conse- 
quently, the patient lost his kidney. A 
larger clot probably would have resulted 
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in successful control of the bleeding. We 
now believe that a more aggressive ap- 
proach to obtain hemostasis by arterial 
embolization is justified. 


Stewart R. Reuter, M.D. 
Department of Radiology 
Wayne County General Hospital 
Eloise, Michigan 48132 


REFERENCES 


1, Aumodrp, L. E., FERNSTRÖM, I., Haver ine, 
M., and Lunpgvist, A. Treatment of renal 
adenocarcinoma by embolic occlusion of renal 
circulation. Brit. 7. Urol., 1973, £5, 474-479. 

2. BooKsTEIN, J. J., CuLosrta, E. M., Forey, D., 
and WALTER, J. F. Transcatheter hemostasis 
of gastrointestinal bleeding using modified 
autogenous clot. Radiology, 1974, 123, 277- 
285. . 

3. Booxstern, J. J., and GorpsrterN, H. M. Suc- 
cessful management of postbiopsy arterio- 
venous fistula with selective arterial emboliza- 
tion. Radiology, 1973, 109, 535—536. 

4. Cuvuano, V. P., Reuter, S. R., and Scumoipr, 
R. W. Control of experimental traumatic renal 
hemorrhage by embolization with autogenous 
blood clot. Presented at the 6oth Annual 
Meeting of RSNA, Chicago, December, 1974. 

g. Dowss, J. L. A., and Kinn, R. B. Renal injuries: 
diagnosis, management and sequelae in 67 
cases. Brit. J. Surg., 1963, 50, 353-361. 

6. GoLpsBLaTT, H., Lyncn, J., HanzaL, R. F., and 
SUMMERVILLE, W. W. Production of persistent 
hypertension in dogs. 4m. J. Path., 1933, 9, 
942-945. 

7. Gotpin, A. R., Navne, J. H., and Hickman, R. 
Experimental percutaneous renal infarction. 
Brit. J. Urol., 1974, 46, 127-131. 

8. Hatpern, M. Angiography in renal trauma. 
Surg. Clin. North America, 1968, 48, 1221- 
1233. 

Ketcey, K. M., Craven, J. D., and Jorcens, J. 

- Experimental thromboembolism of renal ar- 
tery. Invest. Radiol., 1974, 9, 327. 

10, Morrow, J. W., and Menpsz, R. Renal trauma. 

F. Urol., 1970, 104, 649-653. . 

11. Revrer, S. R., and Cuuana, V. P. Control of 
abdominal bleeding with autogenous embolized 
material. Radiologe, 1974, I4, 86-91. 

12, Rizk, G. K., Aratuan, N. K., and Brini, G. I. 
Renal arteriovenous fistula treated by catheter 
embolization. Brit. F. Radiol., 1973, 46, 222- 
224. s 

13. Scorr, R., Jr., CarLTON, C. E., Jr., and Goip- 
MAN, M. Penetrating injuries of kidney: 
analysis of 181 patients. 7. Urol., 1969, roy, 
247-253. 

14. Yume, C. L. Obstructive lesions of main renal 
artery in relation to hypertension. Am. F. M. 


Sc., 1944, 207, 394-404. 


ba 





Something 
else. 











What you see in the radiograph on page xviii is just a coin placed on the pa- 
tient’s posterior right hemithorax. It does bear a resemblance to the coin lesion 
produced by a benign solitary lesion, perhaps a hamartoma or tuberculoma. 


You naturally suspected “something else” 
rather than a coin lesion: the increased 
opacity of the posterior rib easily places the 
“lesion” behind the rib. 

It is such consistently superior resolu- 
tion which has made GAF® x-ray film the 
“film of choice” for thousands of radiologists 
for over 75 years. 

As America’s oldest manufacturer of 
film, photographic papers and chemicals, 
GAF has helped advance the art of radiog- 
raphy, particularly with increasingly effective 
x-ray film: 

Our HR2000 film for moderate scale 
contrast and minimum base fog is ideal for 
resolving minute lesions and_ fractures. 

HR3000 film is a high-contrast fine 
grain film well-suited for short exposure an- 
giography. 

And our HR1000 film provides opti- 


mum image and exposure latitude, and long- 
scale contrast. 

Find out also about GAF Liquamat® 
90 all-liquid chemistry. Fast and clean-work- 
ing, it’s also color-coded for quality assurance. 

We've even produced a series of six 
teaching courses (utilizing overhead trans- 
parencies) used in numerous hospitals today. 





Quality. Service. 
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See tor yourself: ask your local 
GAF x-ray representative to 
demonstrate the consistently 
high quality of GAF products. 
Or, if you wish, write GAF 
Corporation, X-Ray Marketing, 
140 West 51st Street, New 
York, New York 10020. 
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CIRCUMAORTIC RENAL COLLAR* 
A POTENTIALLY HAZARDOUS ANOMALY OF THE LEFT RENAL VEIN 


By HAROLD. A. MITTY, M.D. 


NEW YORK, NEW YORK 


ABSTRACT: 


The circumaortic renal collar is a potentially hazardous anomaly of the left renal 
vein. Failure to recognize the dorsal component during retroperitoneal surgery may 
lead to hemorrhage, nephrectomy or death. 

The angiographer can make a significant contribution in documenting this anom- 
aly in patients who are candidates for surgery in this area. 


? I ‘HE left renal vein usually passes an- the contrast material flowed in a normal fashion 
terior to the aorta to join the vena to enter the vena cava at L-1. Roentgenograms 

' e . * . E a 
cava. Rarely, a portion of the venous drain- revealed the typical pattern of a Aan tic 
as- 


age passes through an additional vein pos- renal collar (Fig. 28). Renal venous reni 
terior to the aorta. The resulting venous | 
ring has been described as a circumaortic 
renal collar (Fig. 1).2-* Failure to recognize 
this anomaly at surgery may lead to dis- 
ruption of these veins with accompanying 
serious hemorrhage)?’ It is particularly 
important for the radiologist to recognize 
the flow pattern associated with this 
anomaly during fluoroscopic test injections 
so that the characteristic venographic pat- 
tern may be documented. 

It is the purpose of this paper to describe 
our experience with three patients with 
this anomaly. 


REPORT OF CASES 


Cast 1. A 45 year old female was admitted for 
the evaluation of hypertension. Physical exami- 
nation was within normal limits with the excep- VC 
tion of a blood pressure of 160/95 mm. Hg. ` 
Routine laboratory studies and excretory urog- 
raphy were normal. Aortography revealed a 
mild degree of medial fibroplasia in the right 
renal artery. This was confirmed by selective 
arteriography (Fig. 24). Venous catheteriza- 
tion was performed in order to obtain blood 
samples for renin assay. During the course of 


left renal vein catheterization, an abnormal the aorta as well asthe anterior component, Note 
flow pattern was noted fluoroscopically after a that the posterior vein inserts in the vena cava at 
test injection. A portion of the contrast material a lower level than the anterior renal vein. VCu 
flowed in a vein in an inferior and then media! vena cava. Ao= aorta. RV=renal vein. Ad= 
direction to enter the vena cava at L-3. Someof adrenal vein. 





Fic. 1. Diagram of circumaortic renal collar. The 
renal vein has a component which is posterior to 


* From the Department of Radiology, The Mount Sinai Hospital and the Mount Sinai School of Medicine of the City University of 
New York, New York, New York. 
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Fic. 2. Case 1. A 45 year old female with hypertension. (4) Selective right renal arteriogram. There is ir- 


regular narrowing of the midportion of the main renal artery consistent with medial fibroplasia. (B) Selec- 
tive left renal venogram. The catheter is in the anterior renal vein. The postaortic component of this 
circumaortic renal collar passes inferiorly before it courses medially behind the aorta to insert in the vena 


Cava (arrows). 


says demonstrated elevated levels on the right. 

Comment. This patient was a candidate for 
surgical repair or bypass grafting of the ab- 
normal right renal artery. This type of surgery 
often requires cross-clamping of the aorta. It is 
extremely important for the surgeon to know 
that there is a posterior or retroaortic com- 
penent to the left renal venous drainage to 
prevent tearing this hidden vein during surgery. 


Case 11. A 50 year old woman was admitted 
for the evaluation of obesity and hirsutism. 
Laboratory studies of steroid excretion were 
consistent with Cushing’s syndrome. Excretory 
urography revealed a left suprarenal mass. 
Adrenal venography demonstrated a normal 
right adrenal gland. During the course of at- 
tempted catheterization of the left adrenal 
vein, difficulty was encountered in advancing 
the catheter in the renal vein. Extravasation 
of contrast material occurred during a test in- 
jection. -For this reason, the catheter was with- 
drawn to the orifice of the left renal vein. A test 
injection at this site demonstrated the char- 
acteristic pattern of a circumaortic renal collar 
(Fig. 3). The patient returned to her room and 
maintained normal vital signs and a stable 
hematocrit. Subsequent selective arteriography 


demonstrated the left suprarenal mass to be a 
pancreatic neoplasm associated with ectopic 
ACTH production. This was confirmed at 
surgery. 

Comment. The anterior portion of the cir- 
cumaortic renal collar in this patient was ap- 
proximately 1/2 the diameter of a normal renal 
vein. Thus, the distal limb of the preformed left 
adrenal catheter was too long for safe manipula- 
tion in the renal vein. Since the left adrenal vein 
joins the ventral renal vein in such cases, ad- 
renal venography must be performed with spe- 
cial care. The surgeon took care during the re- 
section of the pancreatic adenoma and explora- 
tion of the left adrenal not to interrupt the left 
venous collar. 


Case 11. A 58 year old man was admitted for 
evaluation of hypertension. Physical examina- 
tion was normal with the exception of a blood 
pressure of 175/100 mm. Hg. Excretory urog- 
raphy was normal. Aortography revealed some 
atherosclerotic changes in the abdominal aorta. 
Although no renal artery stenosis was observed, 
venous blood samples were obtained for renin 
assay. During fluoroscopic test injections, an 
abnormal venous flow pattern was noted on the 
left. The characteristic appearance of a cir- 
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cumaortic renal collar was documented by an- 
teroposterior and lateral left renal venography 
(Fig. 4). 

Comment. This patient was not a surgical 
candidate during this admission. He was, how- 
ever, informed of the nature cf the left renal 
vein anomaly as a precaution should he require 
future abdominal or renal surgery. 


DISCUSSION 


The embryology of the vena cava and 
the renal veins has been well studied.!:3:*° 
By the eighth week of life the posterior 
cardinal system, which remains only as the 
iliac bifurcation in the adult, has been re- 
placed by four longitudinal channels. These 
are the paired supracardinal veins that are 
posterior to the aorta and the paired sub- 
cardinal veins that are anterior to the 
aorta. There are rich anastomotic com- 
munications between the supracardinal- 
subcardinal, intersupracardinal, and inter- 
subcardinal channels which form a plexus 
or collar of veins. Usually, the ventral por- 
tion of the circumaortic plexus persists as 





a = 

Fic. 3. Case 11. Selective renal venogram. A 50 year 
old female with obesity, hirsutism and a left ab- 
dominal mass. Extravasation cccurred during an 
attempted adrenal venogram. The renal veno- 
gram demonstrates that the veins of the circum- 
aortic renal collar are each approximately half the 
size of a single normal main renal vein. 


Circumaortic Renal Collar 
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Fic. 4. Case ur. A 58 year old patient admitted with 
hypertension. This selective renal venogram again 
demonstrates the characteristic pattern of a cir- 
cumaortic renal collar. The posterior component 
has two branches in this patient and is larger than 
the anterior component. 


the normal left renal vein. If the dorsal 
portion of this plexus persists, then the left 
renal vein is posterior to the aorta. If both 
the dorsal and ventral portions persist, 
there will be a circumaortic venous collar in 
the adult. 

The frequency of these venous anomalies 
in the adult varies from series to series. 
Davis and Lundberg? reported in 270 
autopsies a retroaortic left renal vein in 
1.8 per cent and a circumaortic renal collar 
in 1.5 per cent. Reis and Esenther® reported 
a 2.4 per cent incidence of venous collar. 
Recently, Brener et al! reported 2 cases of 
circumaortic renal collar in a series of 31 
major venous anomalies of the renal vein 
and vena cava. The more common anomaly 
in this series was a single retroaortic left 
renal vein which was present in 20 patients. 

It is important for the surgeon to be 
aware of the presence of a retroaortic left 
renal vein during retroperitoneal surgery. 
The circumaortic renal collar is particularly 
dangerous since the surgeon may be lulled 
into a false sense of security when he 
identifies the ventral portion of this anom- 
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aly. He may then attempt to clamp the 
aorta or mobilize the kidney and tear the 
retroaortic component of the anomaly. 
Cases of severe hemorrhage leading to 
nephrectomy and death have been reported 
as a result of trauma to this venous ring.!:*7 
Surgery for abdominal aneurysm poses a 
particular problem since the left renal vein 
is used as a landmark below which the 
aorta is clamped. Since the posterior por- 
tion of this venous ring passes inferior as 
well as posterior, it is at particular risk 
during aortic cross-clamping. The left kid- 
ney is usually preferred for transplant 
surgery since the left renal vein is longer. 
With a circumaortic venous ring this ad- 
vantage is lost due to fixation of the vein at 
the aortic margin. It becomes obvious that 
the presence of this anomaly is of vital im- 


portance to the vascular surgeon and 


urologist. 

The angiographer has an opportunity to 
recognize and document this anomaly 
during selective venous catheterization. 
Fluoroscopic recognition of a splitting of 
the stream of contrast material into the 
normal ventral left renal vein and the per- 
sistent dorsal component is not difficult 
since the dorsal vein courses inferiorly as 
well as medially, as it approaches the vena 
cava. This fluoroscopic observation should 
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be documented with films as an aid to the 
surgeon. If surgery is not to be performed, 
then the nature of the anomaly should be 
in the patient’s hospital record in case 
future surgery should be necessdry. 


Department of Radiology 
Mount Sinai Hospital 

rooth Street and Fifth Avenue 
New York, New York 10029 
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SUBMUCOSAL HEMORRHAGE OF THE 
RENAL COLLECTING SYSTEM* 


By JAY A. KAISER, M.D., RICHARD P. JACOBS, M.D., and MELVYN KOROBKIN, M.D.f 


SAN FRANCISCO, CALIFORNIA 


ABSTRACT: 


Two cases of submucosal hemorrhage in the renal pelvis and ureter are presented. 
The roentgenographic appearance was identical to that of pyeloureteritis cystica 
but without evidence of urinary tract infection and, in 1 case, the submucosal im- 
pression resolved rapidly. When nodular, submucosal filling defects are demon- 
strated in the renal collecting system in the clinical setting of anticoagulant therapy 
or trauma, a diagnosis of submucosal hemorrhage should be considered. 


f | ‘HE differential diagnosis of roentgeno- ~ 


graphically seen multiple small, sub- 
mucosal impressions on the renal collecting 
system. includes: pyeloureteritis cystica; 
uroepithelial tumor; vascular impressions; 
and submucosal edema.® We encountered 2 
patients with submucosal hemorrhage of 
the upper urinary tract that was urographi- 
cally identical to pyeloureteritis cystica. 


REPORT OF CASES 


Case 1. A 27 year old man had been on cou- 
marin therapy for 2 years for pulmonary em- 
boli. He was seen at our hospital because he had 
been having pain in his left dank for 1 week 
without fever, chills, frequency, or dysuria. He 
reported no prior trauma or history of urinary 
tract infection; an excretory urogram obtained 
2 years before showed normal findings. On 
physical examination he was afebrile and had 
left flank tenderness. Urinalysis revealed 40 to 
50 red blood cells, without clots, and 1 to 2 
white blood cells per high power field. Gram 
stain and urine culture were negative. Pro- 
thrombin time was 32.4 seconds with a control 
of 11.8 seconds. An excretory urogram was 
performed (Fig. 1, 4 and B) which showed 
multiple, radiolucent, nodular impressions on 
the left infundibula, pelvis, and proximal ureter. 
The patient’s anticoagulation therapy was dis- 
continued. His clotting studies returned to 
normal, his flank pain resolved, and repeat 
urinalysis was normal. An excretory urogram 
2 weeks later showed complete resolution of the 


pelvic impressions and only 1 remaining small 
defect in the proximal ureter (Fig. 1C). 


Case 11. A 22 year old man was admitted to 
the hospital emergency room after being 
stabbed in the left upper quadrant of the abdo- 
men with a 3 inch knife. His medical history 
was not contributive. Gross hematuria was ob- 
served. An emergency exploratory laparotomy 
disclosed 3 perforations of the distal jejunum, 
a laceration in the posterior peritoneum over- 
lying the lower pole of the left kidney, and a 
large retroperitoneal hematoma, which was not 
drained. The patient’s hematuria progressively 
decreased. Urine cultures and serial urinalyses 
showed no evidence of infection. On the tenth 
hospital day, an excretory urogram was ob- 
tained (Fig. 2); it showed submucosal impres- 
sions on the lower pole collecting system of the 
left kidney underlying the stab site. The pa- 
tient was discharged on the fifteenth hospital 
day. We were unable to obtain a follow-up 
urogram. 


DISCUSSION 


Previous authors?!” have categorized 
the urographic manifestations of upper 
urinary tract hemorrhage by location. 
Hence, hematomas have been designated 
retroperitoneal, perirenal, subcapsular, in- 
traparenchymal, and intraluminal. Smith 
et al.® described 4 patients on anticoagulant 
therapy who had urographic findings of 
submucosal hemorrhage in the upper uri- 


_" From the Departments of Radiology, University of California School of Medicine and San Francisco General Hospital, San Fran- 
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t Picker Foundation Scholar in Radiological Research. 
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nary tract. Theirs was the only description 
of this entity that we have found in the 
literature. 

The urographic findings in our patients 
simulated the features of pyeloureteritis 
cystica. The defects in pyeloureteritis cys- 
tica consist of submucosal cysts formed as a 
result of chronic inflammation from urinary 
tract infection.’ Neither of our patients had 
a history of urinary tract infection, any 
clinical or laboratory evidence of urinary 
tract infection, or urographic evidence of 
pyelonephritis. In fact, 1 patient showed 
normal urographic findings 2 years earlier 
and submucosal defects (Fig. 1) which re- 
solved without therapy. Some patients with 
pyeloureteritis cystica have had hematuria 
and a hemorrhagic diathesis.* Perhaps sub- 
mucosal blood was present to contribute to 
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Fic. 1. Case 1. (4) Excretory urogram 
demonstrates multiple, nodular, well- 
defined filling defects in the calyces, 
pelvis, and proximal ureter of the left 
kidney. (B) A detailed view of the same 
study shows the submucosal nature of 
these lesions. (C) A follow-up study, 
2 weeks later, reveals almost complete 
resolution. 


the urographic observations in those pa- 
tients. 

The clinical course of our patients also 
excludes the possibility of uroepithelial 
neoplasm. Although zones of edema cou!d 
produce the same urographic picture, in 
both our patients the edema would be a 
response to the presence of blood or to its 
breakdown products. 

Bleeding in the upper urinary tract is a 
common complication of anticoagulant ther- 
apy.'? However, there has been only 1 
report’ of submucosal hemorrhage in the 
upper urinary tract. The apparent rarity of 
this observation is particularly surprising 
in view of the well known precedent of sub- 
mucosal gastrointestinal bleeding in pa- 
tients on anticoagulation therapy.® Whether 
these few patients reflect the true frequency 
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of this urologic complication is not known. 

Submucosal accumulation of blood in the 
upper urinary tract is not limited to pa- 
tients taking anticoagulants. Case 11 indi- 
cates that this finding can also result from a 
penetrating wound. 

This paper supports the recently sug- 
gested correlation between urographically 
seen submucosal impressions and submu- 
cosal or intramural hemorrhage of the up- 
per urinary tract.® This correlation has not 
yet been confirmed surgically or histologi- 
cally. 


Richard P. Jacobs, M.D. 

Department of Radiology, 380-M 
University of California School of Medicine 
San Francisco, California 94143 
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Fic. 2. Case 11. A detailed view of the excretory uro- 
gram of the left kidney shows a partial duplication 
of the collecting system with submucosal impres- 
sions on the lower pelvis and proximal ureter. 
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VESICOURETERAL REFLUX IN ADULTS* 


By THOMAS H. BERQUIST, M.D., ROBERT R. HATTERY, M.D., GLEN W. HARTMAN, M.D., 


PANAYOTIS P. KELALIS, M.D., and JAMES H. DeWEERD, M.D. 


ROCHESTER, MINNESOTA 


ABSTRACT: 


Vesicoureteral reflux was detected in 200 adults seen in a 4 year period. In group 1 
(no history of urinary tract infection and negative urine cultures), all patients had 
abriormalities on excretory urograms that were suggestive of reflux. In patients 
with a history of recurrent urinary tract infection (groups 2 and 3), the excretory 
urograms showed an abnormality in 79 per cent of those with negative cultures and 
in 83 per cent of those with positive cultures. Thus, reflux should be suspected in 
patients with a history of recurrent urinary tract infection even if infection cannot 
be documented with urine culture. Urographic evidence of renal parenchymal 
scarring, ureteral dilatation, or mucosal striations should also suggest the possibil- 
ity of vesicoureteral reflux even when the patient may have no urinary tract symp- 
toms. Voiding cystourethrography should be performed in all adults with these 


findings to exclude the possibility of vesicoureteral reflux. 


ESPITE numerous articles 

literature concerning vesicoureteral 
reflux in children, it was not until-recently 
that the importance of vesicoureteral reflux 
in adults was emphasized.+®18 This em- 
phasis can be attributed to an increased 
awareness of the condition in adults as 
well as to an increased utilization of 
voiding cystourethrography in evaluating 
adults with recurrent urinary tract infec- 
tions.* 6, 9,11, 14-18, 18—21 


MATERIAL AND METHOD 


From 1969 through 1973, vesicoureteral 
reflux was documented in 200 adults rang- 
ing in age from 16 to 70 years. Patients 
were included in the study if the initial 
diagnosis of reflux was established at age 16 
years or older. The diagnosis of vesicoure- 
teral reflux was made by utilizing standard 
fluoroscopic and spot film techniques dur- 
ing voiding cystourethrography. Voiding 
cystourethrography utilizing fluoroscopy’ 
has been shown to be the technique of 
choice in establishing the diagnosis of 
reflux. ' 

Clinical and laboratory data, voiding 


in the- 


cystourethrograms, and excretory uro- 
grams were reviewed, and the 200 patients 
were divided into 4 clinical groups (Table 
1): (1) 18 patients with no symptoms of 
urinary tract infection and in whom urine 


Tae I 


VESICOURETERAL REFLUX IN 200 ADULTS: 
CLINICAL GROUPS 


No. of 
Patients 





Group I 18 
No history of urinary tract infection 
Negative urine culture 

Group 2 
History of recurrent urinary tract in- 

fection 
Negative urine culture 

Group 3 60 
History of recurrent urinary tract in- 

fection 
Positive urine culture 

Group 4 10 
Iatrogenic reflux 
Previous genitourinary or pelvic sur- 

gery 

Total 


12 


` * Presented at the Seventy-fifth Annual Meeting of the American Roentgen Ray Society, San Francisco, California, September 24- 
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cultures were repeatedly negative; (2) 112 
patients with recurrent urinary tract infec- 
tion but in whom urine cultures were re- 
peatedly negative; (3) 60 patients with re- 
current urinary tract infection and positive 
urine cultures (cultures were considered 
positive if bacterial counts were 100,000 
colonies/ml. or greater; Escherichia coli, 
the most common organism, was detected 
on urine culture in 60 per cent of patients 
in group 3); and (4) Io patients with iatro- 
genic reflux due to previous pelvic or 
genitourinary surgery. 


OBSERVATIONS AND DISCUSSION 
CLINICAL FINDINGS 


There were 157 females and 43 males, for 
a female-to-male ratio of 3.7:1. The ma- 
jority of patients (157) was between 16 and 
45 years old (Table 11) and in this group, 
75 per cent were female. In the 60 to 70 
year old range (20 patients), the female-to- 
male ratio was equal. The change in sex 
ratio in this group is attributed to the 
larger number of males being evaluated be- 
cause of bladder outlet obstruction second- 
ary to prostatic disease. The association be- 
tween reflux and prostatic hyperplasia has 
been described by Bumpus® who noted 
vesicoureteral reflux in 4.7 per cent of men 
with prostatic hyperplasia. Of the 10 men 
between 60 and 70 years old, 5 had benign 


_ prostatic hyperplasia, bladder outlet ob- 


struction, and vesicoureteral reflux. In 
group I, the sex ratio was reversed, with 
males outnumbering females 10:8. The pa- 


Vesicoureteral Reflux in Adults 315 


TABLE II 


AGE (AT DIAGNOSIS) DISTRIBUTION OF 200 
ADULTS WITH VESICOURETERAL REFLUX 


No. of Patients 





tients in this group are similar to a group 
of patients with sterile reflux described by 
Hutch and Smith. 

A history of onset of urinary tract infec- 
tion during childhood was noted in 13 per 
cent (26 of 200) of patients, and all of these 
patients had renal parenchymal scarring 
detected on excretory urograms. In 87 per 
cent of the patients there was no history of 
urinary tract infection until adulthood, and 
renal parenchymal scarring was noted in 
49 per cent. 

It is not possible to determine when re- 
flux began in these patients or whether 
continuous or intermittent reflux was pres- 
ent for variable lengths of time. However, 
the association of renal parenchymal scar- 
ring in patients with a history of urinary 
tract symptoms beginning in childhood 
suggests that significant vesicoureteral re- 


Taste II 


PRIMARY INDICATIONS FOR EXCRETORY UROGRAPHY IN ADULTS WITH VESICOURETERAL REFLUX 


Indication 


Symptoms of urinary tract infection 
Hypertension 

Calculi 

Difficulty in voiding 

Neurogenic bladder 

Abdominal pain 

Other complaints 

Total patients 


| oom | 
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Total 
5 46 e) ISI 
4 O O 16 
7 6 o 13 
4 4 o 8 
o 4 O 4 
e) o o 4 
2 o o 4 

II2 60 10 200 
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TaBLe IV TABLE V 
EXCRETORY UROGRAPHIC FINDINGS IN 261 EXCRETORY UROGRAPHIC FINDINGS IN ADULTS 
URETERS IN ADULTS WITH REFLUX WITH VESICOURETERAL REFLUX, BY GROUP 
— = 
Finding | Per Cent Per Cent 

Renal parenchymal scarring | 62 Finding Group | Group | Group 

Local:zed 40 I | 2 3 
Generalized 60 = 

Uretera! dilatation | 20 Normal O 21 17 
Mucosal striations | 10 Abnormal 100 79 | 3 
Renal calculi | 9 Parenchymal scarring 65 51 65 
Complete duplication | 6 Ureteral dilatation 27 13 A 
Mucosal striations II 7 18 
Calculi II 5 23 
flux was probably present for several years Duplication 16 7 7 











before the reflux was demonstrated roent- 
genographically. In patients with urinary 


esa the association of renal parenchymal scar- 
tract symptoms beginning in adulthood, 


ring in only 49 per cent suggests that reflux 
was present for a shorter period. 

In 32 of the 157 women, the initial diag- 
nosis of reflux was established after a preg- 
nancy. All of these patients were in group 
2 or 3 and had had symptoms of pyelone- 
phritis during their pregnancy. According 
to Hutch and associates,” dilatation of the 
collecting system and ureters to the level of 
the pelvic brim, especially on the right, oc- 





Fic. 2. Tomogram of left kidney, showing marked 

) parenchymal atrophy involving upper pole and 
Fic. 1. Tomogram of left kidney, showing paren- lateral scarring. Calyceal system is poorly visual- 
chymal scar on lateral border with blunting of ized and there is compensatory hypertrophy of the 
underlying calyx. lower pole. 
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curs during almost all pregnancies and, in a 
few (2 per cent), is associated with infection 
and pyelonephritis. The exact cause of re- 
flux during pregnancy is uncertain, but 
Hutch eż al? and Heidrick et al!’ stated 
that these patients may have a short intra- 
vesical ureter and may have had intermit- 
tent reflux during childhood which be- 
comes more severe during pregnancy. In 
our series, 25 per cent of patients had had 
previous symptoms of urinary infections, 
but in the remaining 75 per cent urinary 
tract infection and reflux were initially 
diagnosed after the first pregnancy. 

The primary indications for initial re- 
ferral for excretory urography in the group 
of 200 patients are presented in Table m1. 
By definition, none of the patients in 
group I was referred for urinary tract infec- 
tion. The excretory urogram was abnormal 
and suggestive of reflux, and the radiologist 
suggested that voiding cystourethrography 
be performed. As expected, the majority of 
patients (82 per cent) in groups 2 and 3 
was referred for excretory urography be- 
cause of symptoms of urinary tract infec- 
tion. Thirty per cent (52 of 172) of the pa- 
tients in groups 2 and 3 were referred di- 
rectly for voiding cystourethrography be- 
cause of urinary tract symptoms; in the 
remaining 70 per cent, voiding cystoure- 
thrography was ultimately performed be- 
cause of abnormalities seen on excretory 
urograms. 


cae 


Kj 
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Fic. 3. Tomogram of kidneys, showing diffuse bi- 
lateral parenchymal loss (with dilatation of col- 
lecting systems and renal asymmetry). 
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ic. 4. Bladder and lower ureters, showing dilatation 
of lower right ureter. 
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Fic. 5. Dilatation of entire left ureter and collecting 
system, with diffuse parenchymal atrophy in in- 
volved kidney. 
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Fic. 6. Mucosal striations in the upper ureter and 
pelvis, more marked in the renal pelvis. 


All to patients in group 4 (iatrogenic re- 
flux due to previous surgery) were referred 
for excretory urography and voiding cysto- 


urethrography because of symptoms of 


urinary tract infection. Reflux was detected 
in 4 patients after ureterocele repair and in 
5 patients after radical pelvic surgery for 
carcinoma of the cervix. In 1 patient, reflux 
developed after surgical removal of a 
bladder papilloma near the ureterovesical 
junction. 


TABLE VI 


ASSOCIATION OF RENAL PARENCHYMAL SCARRING 
WITH VESICOURETERAL REFLUX 


it Scarring 
Refus Ureters 
No Per Cent 

No dilatation 

Partial 68 3I 46 

Complete 140 75 54 
Dilatation 

Partial 8 6 78 


Complete 45 25 78 
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ROENTGENOGRAPHIC FINDINGS 


Reflux was detected in 261 ureters. It 
was bilateral in 41 patients. In patients 
with unilateral reflux there was no signifi- 
cant difference between the incidences of 
reflux in the right and left ureters. 

Renal Parenchymal Scarring. The most 
common renal abnormality associated with 
reflux was renal parenchymal scarring and 
blunting of the underlying calyces; this was 
detected in 62 per cent of the kidneys on 
excretory urograms (Table 1v). Parenchy- 
mal scarring was more frequent in groups I 
and 3 than in group 2 (Table v). Parenchy- 
mal scarring was localized, involving only a 
small area of parenchyma, and was asso- 
ciated with blunting of a single calyx in 40 
per cent of refluxing units (Fig. 1). In the 
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Fic. 7. Prominent mucosal striations in upper ureter 
and, to a lesser degree, in the dilated midureter. 
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remaining cases, parenchymal scarring was 
more extensive (Fig. 2; and 3) with in- 
volvement of an entire pole of the kidney, 
blunting of multiple calyces, or diffuse ir- 
regular scarring of the entire kidney with 
distortion of the entire calyceal system. 

Renal parenchymal scarring in patients 
with vesicoureteral reflux has been referred 
to in numerous articles and the association 
is well documented.*4:67,9.14,15,17-22,24 In the 
study by Duffy,’ reflux was detected in ae 
per cent of patients with roentgenographic 
evidence of pyelonephritis and in so per 
cent of patients with a history of recurrent 
urinary tract infection. Our experience also 
suggests that adults with renal parenchy- 
mal scarring or a history of recurrent 
urinary tract infection should be evaluated 
by voiding cystourethrography. 

Ureteral dilatation (Fig. 4; and 5) was 
noted with complete reflux in 45 ureters 
and with partial reflux in 8 (Table VI). 
Renal parenchymal scarring was present in 
77 per cent of the kidneys when there was 
associated reflux with dilatation and was 
not dependent on whether the reflux was 
partial or complete. The correlation be- 
tween reflux (partial or complete) and renal 
parenchymal scarring was more significant 
when there was associated dilatation of the 
ureter. 

Mucosal Striations. Mucosal striations, 
detected in 26 (10 per cent) of the refluxing 
ureters, involved the upper ureter or renal 
pelvis in 20 cases and lower ureter in 6. Re- 





Fic. 9. Longitudinally opened ureter removed sur 
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Fic. 8. Autopsy specimen of kidneys, ureters, and 
bladder after removal of some of the contrast me- 
dium. Mucosal striations are noted in both upper 
ureters, more evident on the right. 


flux was complete in all instances (Fig. 6; 
and 7). Mucosal striations have been pre- 
viously described in 33 to 67 per cent of 
patients with reflux.” 

In an attempt to clarify the etiology of 
mucosal striations and to determine the 
association of striations with dilatation and 
infection, we reviewed the clinical data 
and roentgenograms of 66 patients in 
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gically from patient with chronic pyelonephritis and 


reflux. There is marked thickening of the mucosa with longitudinal folds. Striations were present on the 


excretory urogram. 
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Fic. 10. Excretory urogram, showing complete dupli- 
cation of right collecting system. Note focal paren- 
chymal scar in lower pole. Reflux was present in 
lower pole segment on voicing cystourethrogram. 


whom mucosal striations were noted inci- 
dentally on the excretory urogram. In 13 
patients, mucosal striations were associ- 
ated with dilatation of the collecting sys- 
tem; in none of these patients was there a 
history of urinary tract infection, and all 
urine cultures were negative. In 4 patients, 
mucosal striations were associated with 
documented urinary tract infections but 
there was no associated dilatation of the 
collecting system. In 4 patients, mucosal 
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striations were present but were not asso- 
ciated with dilatation or urinary tract in- 
fection. In 45 patients (68 per cent), mu- 
cosal striations were associated with dilata- 
tion of the collecting system and docu- 
mented urinary tract infections. Within 
this group there were 30 patients who had 
had voiding cystourethrograms performed 
because of a history of urinary tract infec- 
tion, and in only 8 of these patients could 
reflux be demonstrated. 

In normal ureters obtained at autopsy, 
when the ureter was distended with con- 
trast medium, no mucosal striations were 
identified. However, when the contrast 
medium was removed in small increments, 
striations were easily identified in the in- 
completely filled ureter and collecting sys- 
tem (Fig. 8). 

From the observations in these 66 pa- 
tients and in the autopsy study, incom- 
plete distention of the dilated pelvis or 
ureter is the most important, factor under- 
lying the demonstration of mucosal stria- 
tions on excretory urograms, regardless of 
the cause of the dilatation. Because 41 of 
the 66 patients had documented urinary 
tract infections, the question of the pres- 
ence of urinary tract infection should be 
pursued clinically whenever mucosal stria- 





Fic. 11. Voiding cystourethrogram, showing partial 
reflux into both segments of duplicated right 
ureter. 
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tions are seen on excretory urograms 
(Fig. 9). 

Other Roentgenographic Findings. The 
only other findings noted with any fre- 
quency were renal calculi in 22 patients 
and complete duplication in 15 patients. 
An increased incidence of renal calculi has 
been described in patients with reflux,’ 
and, as would be expected, calculi were 
more frequent in patients with documented 
infections (group 3) (Table v). The asso- 
ciation between complete duplication and 
reflux is well established,! and in our series 
the ureteral segment supplying the lower 
pole of the kidney was found to reflux in 
all 15 patients (Fig. 10). Reflux was de- 
tected in both segments in 1 case (Fig. 11). 


Thomas H. Berquist, M.D. 
Mayo Clinic and Mayo Foundation 
Rochester, Minnesota 55901 
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TOMOGRAPHY OF PELVIC-ABDOMINAL MASSES | 
DURING INTRAVENOUS UROGRAPHY* 


AN ADDED DIMENSION 


By ANTHONY G. PECK, M.D.,t ISABEL C. YODER, M.D., 
and RICHARD C. PFISTER, M.D. 
BOSTON, MASSACHUSETTS 


ABSTRACT: 


Experience with a wide variety of pelvic-abdominal masses indicates that good 
quality tomography during high dose urography permits separation of solid from 
cystic lesions in almost all cases, even with riinimal mass opacification. Evaluation 
of surface contour, absence or presence of a will and its features, opacification, cal- 

cification, and uterine status provides the framework for characterization of the 
mass. Multiple masses can be identified and evaluated separately. While titration 
of the above criteria permits an accurate assessment independent of the clinical 
diagnosis, the latter information is important in separating a probable abscess from 
other cystic lesions. 

Since urography continues to be a pivotal preoperative roentgenologic investiga- 
tion (ureteral status, pe!vic kidney exclusion, etc.), the addition of tomography 
provides an added dimension to its usefulness. With the exception of the premeno- 
pausal female in whom radiation exposure is a consideration, tomography appears 
to preclude the routine necessity for subsequent ultrasound study which has been 
used to separate cystic from solid lesions. - 


OENTGENOGRAPHIC demonstra- 
tion of pelvic-abdominal masses dur- 
ing urography has, until recently, been lim- 
ited to secondary signs and inferences. Con- 
trast enhancement of pelvic and abdominal 
masses has been shown to be a useful tech- 
nique,'*-* and recently infusion tomog- 
raphy of the female pelvis has been de- 
scribed.? Since 1973, we have studied 25 
proved pelvic-abdominal masses by tomog- 
raphy during intravenous urography; and 
we concur with Love ef al! that the addi- 
tion of tomography to.the urographic study 
provides an added dimension since it per- 
mits a more accurate assessment of such a 
mass, in addition to the usual evaluation of 
the urinary tract. 


MATERIAL AND METHOD 


Twenty-five masses in 22 patients are 
presented in which tomography of the pel- 
vic-abdominal mass during urography pro- 


vided preoperative definition and charac- 
terization of the mass. Most of these pa- 
tients had a preoperative clinical diagnosis 
of “pelvic, adnexal, or abdominal mass.” 


TABLE I 
PELVIC-ABDOMINAL TOMOGRAPHIC UROGRAPHY 


Technique 
1, Preliminary anteroposterior film of pelvic-ab- 
dominal area 
Determine size pelvic mass: 
8 cm. or less: 6 cm. tomogram 
10 cm. or more: 12 cm. tomogram 
2. Preliminary anteroposterior tomogram of pelvic- 
abdominal area 
3. Intravenous urogram (bolus or infusion) 
4. Early tomography of mass 
a. I-4 min. (bolus) 
~ 3-5 min. (infusion) 
b. small mass: 4-11 cm. levels 
larger mass: 8-17 cm. levels 
5. Standard urography of urinary tract 


* From the Departments of Radiology, Harvard Medical School and Massachusetts General Hospital, Boston, Massachusetts. 
t Present Address: University Hospital, University of Washington, Seattle, Washington. 
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Fic. 1. (R.C., Case 11.) (4) A 14 cm. tomographic level showing enlarged posteriorly positioned opacified 
leiomyoma of uterus (arrows). (B) An 18 cm. tomographic level demonstrating a separate anteriorly posi- 
tioned multiloculated thin-walled cystic ovarian mass (dermoid) (arrows). 


No single method of delivery of contrast 
medium was adhered to; 17 patients re- 
ceived a 300 ml. infusion urogram, I re- 
ceived a 100 ml. bolus of contrast medium, 
and 4 received a ṣo ml. bolus. While tomog- 
raphy was done at times ranging from I to 
25 minutes, the present technique is de- 
scribed in Table 1. Both a preliminary plain 
film of the abdomen and a preliminary 
tomogram of the pelvic-abdominal area 
should be obtained to evaluate subsequent 
opacification of the mass. Following injec- 
tion of contrast medium, early tomography 
is suggested to study the pelvis prior to sig- 
nificant bladder filling. The level of the 
tomogram generally depends on the size of 
the mass (Table 1). Standard urographic 
filming completes the examination. 

These 22 patients with 25 masses (3 pa- 
tients with 2 distinct masses) include 13 
Ovarian neoplasms, g uterine masses, I 
pelvic abscess, I ectopic pregnancy, and 1 
mesenteric tumor (Table 11). Of the 13 
ovarian tumors, 6 were benign cystadeno- 
mas, 3 were malignant cystadenocarcino- 
mas, 3 were cystic dermoids, and I was a 
malignant solid dysgerminoma. Of the 9 


uterine masses, 7 were leiomyomas and 2 


were dilated uteri (hydrometria). The 1 
abscess was of tubo-ovarian origin, the 
ectopic pregnancy was ruptured and in- 
fected, and the abdominal mesenteric 
tumor was a fibrosarcoma. 


ROENTGEN APPEARANCE 


In our initial group of 22 patients, tomog- 
raphy of pelvic-abdominal masses has 
characterized and identified lesions with 
greater clarity and detail than urography 
alone. The following observations can be 
made: pelvic-abdominal tomographic urog- 
raphy in cystic ovarian masses (Fig. 1; 3; 
5; and 7) showed a smooth opacified wall 
1-40 mm. thick and a lucent center in 11 of 
12 cases (92 per cent), and a separate nor- 
mal uterus in those cases in which it was 
evaluated. The 1 solid malignant ovarian 
mass presented no wall or opacification, 
and a smooth surface. 

In the 2 dilated uterine masses (hydro- 
metria) both (2 of 2) showed the following: 
opacified wall of uniform thickness (1.5 
cm.) with a smooth rounded surface and 
lucent center, without a separate uterine 
density (Fig. 2; and 3). Of the 7 uterine 
solid tumors (Fig. 1; 4; and 6), all (7 of 7) 


324 A. G. Peck, I. C. Yoder and R. C. Pfister OCTOBER, 1975 


Tase II 
TOMOGRAPHY OF PELVIC-ABDOMINAL MASSES DURING UROGRAPHY 


























Tomographic Findings 
P Tomography <_<. ~g 
Caso SEP pasais Level; Dose gjs,  Opacification TE Pathology 
i ' Central Wall 
(1) at Pelie- I5 cm. 20 cm. — — Round smooth surface, N.E: Ovarian mass Ovarian d 
M.W. F abdominal 300 ml, DIP ae no opacification (solid tumor) 
mass s min. 
(a) 43 Peivk ro cm. 8 cm. — + rmm. smooth wall and + Ovarian cyst Ovarian cyst 
B.J. F mas so mi, bolus surface 
I 
(3) 34 Pelvic 12 cm. gem. — + rmm. smooth wall and + Ovarian cyst Ovarian cyst 
L.M. F mass, PID so ml. bolus surface 
1§ mm. 
(4) 33 Ladnexal mass scm. 4cm. — ++ rmm. smooth walland N.E. Ovarian cyst Ovarian cyst 
jJ.R. F Ico mL bolus surface 
12 min. ` 
{s) 57 Pelvic mass 17 cm. 13 cm. — + rmm. smooth walland -+ Ovarian cyst 
CL. FE goo ml. DIP surface (mucinous) 
3 
(6) 53 Pelvic mas Ir cm. g om. — + 3-9 mm. smooth wall -+ Ovarian cyst Ovarian cystadenome 
VP. F so ml, bolus and surface (mucinous) 
a5 min. 
(7) so Pevi- 16 cm. ax cm. - — Round smooth surface N.E. Ovarian mass Ovarian cystedenoma 
F.S. F abdominal mass 300 mL DIP ; (serous) 
§ min. 
(8) 74 Pelvic- isan. x18 cm. — + xmm. smooth wall and N.E. Ovarian cyst Ovarian cystadenocarcin- 
B.N. F abdominal mass 300 ml. DIP surface oma 
5 
(9) 37 Pelvic- 17 cm. 26cm. — + 3mm. smooth walland + Ovarian cyst Ovarian cystadenocarcin- 
E.K. F abdominal 300 ml. D lobulated surface i oma 
man s min. 
(ro) ós Ovarian tamor rs cm. 16 om. — ++ Curvilinear Cat for + Cat ovarian r. L: ovarian dermoid cyst 
MG. F goo mi, DIP 3yr., s40 mm. wall cyst (dermoid) with squamous cell car- 
s min. cinoma 
a. R: ovarian dermoid 
cyst with carcinoid 
(11) 39 Pekk- mand 18cm. xro em. — ++ Superior: multiloculated — 1, Multilocular 1. Ovarian dermoid cyst 
RC F ab 300 ml mass 3 mm. wall ovarian cyst 
mass x min 
f rg em + ~ Inferior: uniform opack ~- a. Lelomyoma 32. Lefomyoma uterus 
fication and lobular uterus 
surface 
(x2) Sg Ovarian canoer 9 rs cm. a3 - +-+ s contiguous lesions, R: -—- Moultilocular t. R: hematometrium s° 
F s00 ml. DIP 12 cm. 13 cm. mass with 1.5 ovarian cyst to 
s min. ser smooth wall and carcinoma endometrium 
— +--+ L: ro cm. mass with r a. L: ovarian cystoadeno- 
mm. smooth wal and carcinoma 
surface 
(13) So Recurrent rg cm. r2 cm. — ++ r.s cm. smooth wall aod - Hydrometrium Pyometrium (sterile) 2° 
M.M. F tumor-—carcin- goo ml DIP surface to fibrosis of cervical os 
oms cervix smin. 
(r14) ar Pelvic to cm, 9 cm. — + 3mm. smooth wall and N.E. Ovarian cyst Abscess, subacute 
N.H. F mass, PID so ml. bolus surface l 
x min. 
(rs) 22 Pelvic masa, Ir cm. 18 cm. - -+-+ x19 mm. multilocular -— Hemorrhagic Infected ruptured ectopic 
DD. F posibles abscess s00 mL DIP smooth walled mass ovarian cyst pregnancy 
or ectopic preg- 8 min. 
nancy 
PID =Pelvic inflammatory disease. N.E. =Not evaluated. L =Left side. 
DIP =Drip infusion pyclogram. R = Right side. 2° = Secondary. 


TABLE II (continued) 





Tomographic Findings 

















= Tomographic ———-AAAAA A 
Age Clinical e Roentgen 
Cie Se Diagn POS: Doe -giy “ORCC Separate Diagnosis Pathology 
Time Wii SR Features Uterus 
Central Wall 

(16) 62 Ovarian cancer 17 cm. 22 cm. + — Uniform opacification N.E. Leiomyoma Leiomyoma uterus 
C.D. F 300 ml. DIP and slightly lobular sur- uterus 

5 min. face 
(17) 46 Pelvic mass 10 cm. 7 cm. + — Uniform opacification —  Leiomyoma Leiomyoma uterus 
M.S. F 300 ml. DIP and lobular surface uterus 

5 min. 
(18) 41 Pelvic mass 17 cm. 25 cm. + — Uniform opacification —  Leiomyoma Leiomyoma uterus 
EH. F 300 ml. DIP and lobular surface uterus 

5 min. 
(19) 48 Pelvic mass 17 cm. 23cm. ++ — Uniform opacification —  Leiomyoma Leiomyoma uterus 
MT. F 300 ml. DIP and lobular surface uterus 

5 min. 
(20) 82 Ovarian cancer 8 cm. 13 cm. ++ — Uniform opacification, — Leiomyoma Leiomyoma uterus 
A.W. F 300 ml. DIP lobular surface, and fi- uterus 

5 min. broid calcification 
(21) 56 Abdominal I5 cm. 30 cm, ++ — Uniform opacification —  Leiomyoma Leiomyoma uterus 
A.M. F mass 300 ml. DIP and slightly lobular sur- uterus 

10 min. face 
(22) ṣọ Abdominal pain 17 cm. 17X a — Uniform opacification N.A. Solid mesenchy- Fibrosarcoma of mesen- 
S.H. M 300 ml. DIP 12cm. mal tumor of je- tery 

5 min. junum 





Fic. 2. (M.M., Case 13.) (4) Plain film of the ab- 
domen showing vague pelvic mass. (B) Non- 
descript faintly opacified mass seen during 
infusion urography. (C) Well-defined thick- 
walled cystic mass is demonstrated by uro- 
graphic tomography (Aydrometrium). 
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Case 12.) (4) Large oval pelvic mass 
with thick wall inferolateral on right (arrows) at 
infusion urography. (B) Urographic tomography 
demonstrates 2 adjacent cystic lesions: right, Ay- 
drometrium (double tailed arrows) and /eft, ovarian 
cystadenocarcinoma (solid arrows). 


Fic. 3. (J-M; 


had uniform opacification, lobular surface, 
no wall and no separate uterine density. 

The 1 tubo-parametrial mass (abscess, 
subacute) had an opacified wall 3 mm. 
thick, a smooth round surface, and lucent 
center (Fig. 8). The ruptured infected ecto- 
pic pregnancy had multiple smooth walls 
1—10 mm. thick with a lobular surface. The 
1 solid mesenteric neoplasm had a lobular 
surface, uniform opacification and no wall 
(Fig. 10). 

Indications and contraindications to the 
examination are given in Table ur and ra- 
diation exposure data are listed in Table rv. 
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DISCUSSION 


Total body opacification is an accepted 
method for demonstrating abdominal and 
pelvic masses, first observed in children by 
O’Connor and Neuhauser in 1963.5 Since 
then, in adults, other authors! have had 
variable success in outlining cystic lesions 
or opacifying solid structures during high 
dose urography. 

Birnholz,! from this department, first 
reported the “adventitious hysterogram”’ 
as being useful in the differential diagnosis 
of pelvic masses, but noted “no . . . opacifi- 
cation was present in 12 cases of ovarian 





Fic. 4. (M.T., Case 19.) (4) Large, nondescript 
pelvic mass on preliminary tomogram. (B) Well- 
defined diffusely opacifying /eiomyoma of uterus 
at urographic tomography. 





Fic. 5. (B.N., Case 8.) (4) Large, ill-defined, nonopacified mass at infusion urography, and (B) thin-walled 
cystic mass at urographic tomography (arrows) indicate probable ovarian etiology (cystadenocarcinoma 


A of ovary). 





Fic. 6. (A.M., Case 21.) (4) Opacified mass on infusion urogram, and (B) opacified mass without wall 
on urographic tomogram arising from uterus (arrows) (/etomyoma of uterus). 
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Fic. 7. (J.R Case 4.) Small, thin-walled, cystic 
pelvic mass clearly demonstrated by urographic 
tomography (corpus /uteum ovarian cyst) above the 


bladder. 


cystic masses.” Phillips ef al. have pre- 
sented excellent results in demonstrating 
the “rim sign” in 80 per cent of cystic and 
mixed (solid and cystic) ovarian neoplasms, 
and homogeneous opacification in 80 per 
cent of uterine leiomyomas, but were un- 
able to distinguish uterine from ovarian 
masses in the remaining 20 per cent. Addi- 
tionally, none of their ço tubo-ovarian 
abscesses was identified by non-tomo- 
graphic urography. 





Fic. 8. (N.H., Case 14.) A 12 cm. thick-walled mass 
(solid arrow) with second thin opacified inner mar- 
gin (double tailed arrow) at urographic tomog- 
raphy (subacute abscess). 
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Imray,’ however, demonstrated only 43 
per cent of cystic ovarian tumor walls, 85 
per cent of uterine fibroids, and 33 per cent 
of pelvic abscesses. These figures are closer 
to our own non-tomographic experience. 
Recently, Love et alè presented their initial 
small series with infusion tomography of 
the female pelvis in g patients. 

Our concurrent experience in 25 pelvic- 
abdominal masses indicates that the use of 
tomography during high dose urography 
permits one to differentiate the cystic le- 
sions (ovarian, uterine, abscess, etc.) from 
the solid, non- or poorly opacifying tumors 





y - if 
b B p~“ Pa te 
z -q 
p =e 
i | =’ 
¥ E LA 
E i f J 


Fic. 9. (4) Urographic tomogram of deep pelvis 
showing owel end-on (arrows) and bladder but 
absent uterus (post total hysterectomy and bi- 
lateral salpingo-oophorectomy). (B) Different pa- 
tient at urographic tomography illustrating nor- 
mal uterus (white arrow) and sigmoid colon (black 
arrows). 
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Fic. 10. (S.H., Case 22.) (4) Infusion urogram (30 min.) showing left midabdominal mass and residual 


colonic barium and (B) urographic tomogram (17 cm.) demonstrating sharply marginated opacified solid 


tumor (mesenteric fibrosarcoma). 


(uterine, ovarian, etc.). Good quality 
tomography will clearly demonstrate a 
wall of variable thickness in cystic masses 
in many cases not otherise delineated by 
standard high dose urography (Fig. 3; 
and 5). The non- or poorly opacified solid 
uterine fibroid will fail to show a wall, has 
a lobular surface (Fig. 14; and 4), and may 
be seen to arise from the uterus with tomo- 
graphic sections at appropriate levels (Fig. 
6). Thus, with tomography, that group of 
nonopacifying pelvic-abdominal masses can 
usually be differentiated. Further, the addı- 
tion of tomography in the evaluation of the 
opacifying mass provides greater definition 
and increased diagnostic accuracy (Fig. 2). 

The differentiation of the cystic pelvic- 
abdominal mass from nearby adjacent 
bowel is not difficult (Fig. 9) since wall 
thickness, change in shape, and tubular 


character of the bowel become apparent on 
serial tomograms. The opacified adjacent 
uterus is easily identifiable when appropri- 
ate tomographic levels are obtained. The 
bladder can be segregated because of its 
location and should be sought for on later 


TABLE III 


PELVIC-ABDOMINAL TOMOGRAPHY UROGRAPHY 











Indications 
Post menopausal female 
Known or suspected mass 
Premenopausal female 
Septicemia, suspected abscess 
Malignancy known or highly suspect 
Male 
Any age; gonadal shielding 
Contraindications 
Possible or known pregnancy 
History of serious reaction to contrast medium 
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TABLE IV 


RADIATION EXPOSURE DURING PELVIC-ABDOMINAL TOMOGRAPHY AND STANDARD ROENTGENOORAPHY* 


Absorbed Ovarian 


kVp mA Time (sec.) dose Level 
l (mrads).t (cm.)T 
Standard Roentgenography 40 300 O.I 80 I0 
80 300 O.I 102 12.6 
90 300 | O.I 143 12.5 
Tomography 68 200 2.0 200 I0 
68 200 2.0 235 12.5 


* Courtesy of Edward W. Webster, Ph.D., Section of Radiologic Physics. 
f 20 cm. phantom (10 cm. ovary). 
25 cm. phantom (12.5 cm: ovary). 


urographic films to exclude a dilated blad- reported sign. Radiology, 1972, 105, 305-307. 
der or a large bladder diverticulum which 2 Diray, T. J. Evaluation of pelvic masses during 


. infusion excretory urography. Presented at the 
may simulate a pelvic mass. It should be Aandal acarne of (hemer dn Roentren 


noted that the case of fibrosarcoma of the Ray Society, San Francisco, California, 1974, 
mesentery in a male (Fig. 10) demonstrates Sept. 24-27. 

that this technique need not be limited to 3. Love, L., Mevamep, M., Cooper, R. A., Mor- 
the evaluation of female pelvic-abdominal capa, R.; and Scuwarrz, H. Infusion tomog- 


raphy of female pelvis. Am. J. ROENTGENOL., 


pias Rap. Tuzrapy & Nucrear MeD., 1974, 122, 
i 299-307. 

Oe a one 4. Martin, D. J., Griscom, N. T., and Neoravsen, 

Massachusetts General Hospital E. B. D. Further look at total body opacifica- 


tion effect. Brit. 7. Radiol., 1972, 45, 185-192. 


Boston, Massachusetts 02114 5. O'Connor, J. F., and Neunavser, E. B. D, Total 


Superior technical assistance of Misses body opacification in conventional and high 
Brown, Rivers, Turner, and Circhy is dose intravenous urography in infancy. Am. 
acknowledged. | J. RoznTcENOL., Rap. Tuerapy & Nucrear 


MeD., 1963, 90, 63~71. 
6. Patiiirs, J. C., Easrery, J. F., and LANGSTON, 
SEE eee J. W. Contrast enhancement of pelvo-abdom- 
1, Birnwoxz, J. C. Uterine opacification during ex- inal masses: rim sign. Radiology, 1974, r72, 
cretory urography: definition of previously un- Ir2, 17-21, 





VoL. 125, No. 2 


TOMOGRAPHY OF THE KIDNEY BED AS AN AID 
IN DIFFERENTIATING RENAL PELVIC 
TUMOR AND STONE* 


By MARJORIE A. AMBOS, M.D., and MORTON A. BOSNIAK, M.D. 


NEW YORK, NEW YORK 


ABSTRACT: 


Plain film tomography is of value in detecting small amounts of calcium in “‘non- 
opaque” stones. The use of this technique to help differentiate renal pelvic tumor 
from stone in patients presenting with a filling defect in the renal pelvis is suggested. 
Four cases in which plain film tomography detected calcium in a renal pelvic stone 
that could not be seen on routine roentgenograms are presented. 


OMOGRAPHY of the kidney bed has 

been of great help in differentiating 
renal pelvic stone from tumor. We have 
seen 4 cases recently in which a filling de- 
fect in the renal pelvis was demonstrated by 
pyelography and a renal pelvic tumor was 
suspected. The plain roentgenogram of the 
abdomen failed to reveal calcification in- 
dicative of a calcified renal pelvic stone. 
However, tomography of the kidney bed 
(without contrast medium) revealed faint 
calcification corresponding to the defect 
and indicated that the pelvic filling defect 
was a calculus. The presentation of the 
roentgenographic findings in these cases is 
the purpose of this report. 


DISCUSSION 


The radiolucent filling defect of the renal 
pelvis has often posed a problem in differ- 
ential diagnosis, frequently necessitating 
surgery in order to determine its etiology. 
Urography, retrograde pyelography, and 
clinical and laboratory data may not be 
diagnostic in many cases. The major con- 
siderations in the differentiation of a radio- 
lucent filling defect of the renal pelvis are 
calculus, tumor, and blood clot. Less often 
the defect is caused by inflammatory con- 
ditions such as pyelitis cystica or fungus 
ball, or by a variety of pseudotumors in- 
cluding vascular impressions.’ These latter 
conditions can usually be readily differ- 


entiated by clinical history, laboratory 
findings, or renal angiography. 

However, often neither the urogram, 
pyelogram, angiogram, clinical presenta- 
tions nor laboratory findings are conclusive 
in deciding whether clot, tumor, or calculus 
is present. Any of the 3 may present with 
hematuria, and all of them may obstruct 
the ureteropelvic junction causing hydro- 
nephrosis and colicky pain. In contradis- 
tinction to calculi or tumors, blood clots 
usually change in size and shape over sev- 
eral days, so that a diagnosis of this condi- 
tion can be established by serial studies 
which obviate the need for surgery. Pelvic 
tumors are the most difficult to differentiate 
from radiolucent calculi. Urine cytology 
positive for malignant cells, when present, 
establishes the diagnosis of tumor. How- 
ever, if urine cytology is negative the di- 
lemma regarding the etiology of the pyelo- 
graphic filling defect remains. “Brushing” 
of pelvic lesions with pelvic catheters to 
obtain cytology has been tried with limited 
success and potential hazard* while en- 
doscopy to visualize these lesions has yet 
to be perfected. 

The ability to demonstrate calcification 
in the filling defect enables a definite diag- 
nosis of renal pelvic stone to be made in 
these cases. Renal pelvic tumors rarely, if 
ever, calcify, and if they do the calcification 
is scanty and stippled as compared to the 


* From the Department of Radiology, New York University Medical Center, New York, New York. 
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homogeneous and ring-like calcification of 
stones. Radiolucent calculi are generally 
composed of uric acid or less often cystine; 
however, a “pure” stone is extremely rare 
(except in patients with gout, leukemia, or 
lymphoma). Most calculi are a mixture of 
substances, and uric acid calculi frequently 
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Fic. 1. Case 1. A 74 year old female entered 
the hospital for hematuria of 8 months’ dura- 
tion. Intravenous urography revealed a fill- 
ing defect in the left renal pelvis. (4) Left 
retrograde pyelogram. A filling defect is seen 
occupying the left renal pelvis. On this pro- 
jection a calyx is seen overlying the pelvis. 
(B) Plain roentgenogram of the abdomen 
prior to urography. The area of the left kid- 
ney 1s demonstrated. No definite calcifica- 
tion in the region of the renal pelvis can be 
appreciated. (C) Tomographic cut through 
the left renal pelvis (performed 2 days after 
the pyelogram). A faint calcification corre- 
sponding to the renal pelvis filling defect is 
seen (arrow). 

At surgery, a calculus was removed from 
the left renal pelvis. It was irregular in shape 
with a rough surface and measured 1.8 X1.5 
1.0 cm. in size and weighed 1.5 gm. It was 
predominantly a uric acid stone with a trace 
of calcium oxalate. 


contain small amounts of calcium oxalate 
or calcium phosphate.’ The amount of 
calcium may not be sufficient to be de- 
tected on plain roentgenograms of the ab- 
domen but may be seen when tomography 
is utilized as shown in these cases. In 2 of 
the cases (Case 1 and Iv; Fig. 1; and 4) 


Au 
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surgery was performed and uric acid cal- 
culi mixed with calcium oxalate were re- 
moved. The other 2 cases (Fig. 2; and 3) 
were poor operative risks and were not 
operated on because of the knowledge that 





Fic. 2. Case 11. A 58 year old female entered 
the hospital for mild left flank pain and mi- 
croscopic hematuria. Intravenous urography 
demonstrated a filling defect in the left renal 
pelvis. (4) Left retrograde pyelogram. A 
filling defect in the left renal pelvis is demon- 
strated. (B) Plain roentgenogram of ab- 
domen taken prior to pyelogram. No definite 
calcification is seen overlying the region of 
the kidney bed. Gas in bowel overlies the 
area, however. (C) Tomographic cut through 
the left renal pelvis (performed 1 day after 
the pyelogram). A definite calcification is 
seen in the renal pelvis corresponding to the 
filling defect in the renal pelvis indicating a 
calcified stone. 

It was decided not to operate on the pa- 
tient in view of the diagnosis of benign 
disease. 


a stone and not a tumor was present. Ac- 
curate diagnosis of stone disease, besides 
preventing unnecessary surgery (when sur- 
gery for calculous disease is not indicated), 
enables the surgeon to make a suitable 





Fic. 3. Case 11. A 71 year old male entered the hospital because of symptoms of prostatism. (4) Intravenous 
urogram. The right kidney is somewhat inferiorly placed with the lower pole overlying the iliac crest. A 
filling defect is seen in the lower pole calyx (arrow). (B) Tomographic cut of right kidney (taken during 
urogram). The irregular filling defect in the lower pole calyx 1s seen to better advantage. (C) Plain roent- 
genogram of abdomen (taken prior to urogram). Large amount of gas overlies the right kidney. A calcifica- 
tion in this area is not seen. (D) Tomographic cut of right kidney (taken 1 day after urogram). A calcifica- 
tion at the lower pole of the right kidney is clearly seen which corresponds to the filling defect on the 
urogram and represents a calcified stone. 

The patient underwent prostatectomy. No surgery on the right kidney was performed. 


/ 
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flank approach to the lesion for pyelo- 
lithotomy knowing that he will not have to 
remove the kidney for tumor. 

We have used tomography with an arc of 
25°-30° in these cases (as in nephrotomog- 
raphy) which gives a 0.3-0.5 cm. thick 


Tomography of the Kidney Bed 


Fic. 4. Case 1v. A 49 year old male entered 
the hospital for left-sided back pain and 
hematuria. (4) Intravenous urogram. A 
filling defect in the left renal pelvis is seen. 
(B) Plain roentgenogram of the abdomen 
(taken as part of urogram). No definite 
calcific density can be seen overlying the 
left kidney. (C) Tomogram of the left kid- 
ney (taken 1 day following urogram). A 
calcified density in the bed of the renal 
pelvis corresponding to the filling defect is 
seen indicating the presence of a stone. 

The patient was operated on and a renal 
stone was removed from the pelvis of the 
left kidney. The calculus was irregular and 
rough and weighed 1.5 gm. It measured 
2.5 X1.4X1.7 cm. On analysis, the stone 
was composed chiefly of uric acid with a 
trace of calcium oxalate. 


cut.! Most of the filling defects are larger 
than this size and therefore should be well 
demonstrated with cuts of this width if 
multiple cuts every 0.5 or I cm. are ob- 
tained. A greater arc such as 40° would give 
a thinner tissue cut (0.1-0.2) and therefore 
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might detect small amounts of calcium but 
the chance of missing the lesion could occur 
and many more tomographic cuts to cover 
the pelvic area would be necessary. Arcs of 
less than 20° would give tissue cuts which 
were too thick and might miss the small 
amount of calcium in these stones. An ideal 
method might be to localize the defect with 
a tomographic cut with the 25°-30° arc and 
then obtain thinner tissue cuts with a 40° 
arc for maximum detail. 

The use of plain film tomography of the 
kidney bed has been described previously 
to detect and better evaluate the number of 
renal calculi present in patients suspected 
of this condition. The author studied by 
plain film tomography 97 patients with 
clinical suspicion of intrarenal calcifications. 
It was possible to demonstrate calcifica- 
tions not seen on plain roentgenograms in 7 
patients. In 37 of the patients calcifications 
were noted on plain roentgenograms, but 
tomography showed them to be more ex- 
tensive than had been appreciated. 


Morton A. Bosniak, M.D. 
Department of Radiology 
New York University Medical Center 
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LATERAL DISPLACEMENT OF THE BLADDER* 


By MELVYN KOROBKIN, M.D.,t HIDEYO MINAGI, M.D., and 
ALPHONSE J. PALUBINSKAS, M.D. 


SAN FRANCISCO, CALIFORNIA 


ABSTRACT: 


Displacement of the bladder from its usual midline position is almost always sig- 
nificant. Most of the common and uncommon causes of such displacement are il- 


lustrated, described, and discussed. 


pee displacement of the bladder, 
as with other midline structures (for 
example, the pineal body or mediastinum), 
should always be considered abnormal ard 
requires explanation. A list of causes of 
lateral displacement of the bladder that we 
have seen roentgenographically upon fe- 
view of cur departmental files is presented 
in Table 1. Even if the cause is not readily 
apparent from the roentgenogram, lateral 
displacement of the bladder implies the 
presence of a mass or mass effect. 

Analysis of the tissues and organs sur- 
rounding the bladder reveals some of the 
potential causes of displacement from the 
midline. Immediately lateral to the bladder 
lie the blood vessels, lymph nodes, and 
areolar connective tissue, with the hips 
and innominate bones situated more later- 
ally (Fig. 1). The remnants of the miillerian 
and wolffian ducts (the uterus and the va- 
gina in females and the seminal vesicles and 
vasa deferentia in males) are posterior to 
the bladder, with the rectum still more 
posterior. The so-called “true ligaments” 
of the bladder extend from the lateral pelvic 
wall to the lateral wall of the bladder. 
They are formed by a thickening of endo- 
pelvic fascia and extraperitoneal tissue 
surrounding the neurovascular bundle that 
supplies the bladder. These “ligaments” 
do not effectively prevent bladder displace- 
ment,’ 


PELVIC TISSUES LATERAL TO THE BLADDER 
Blood Vessels. The external iliac artery, 


internal iliac artery and its branches, and 
pelvic veins are lateral to the bladder. 
Pelvic hematomas frequently result from 
penetrating or nonpenetrating injuries to 
the bony pelvis. Although such hematomas 
usually surround the bladder and produce 
a characteristic elevation and symmetrical 
compression from both sides (“tear-drop 
bladder’’)," occasionally they are unilateral 
and displace the bladder from the midline 
(Fig. 24). Visualization of a pelvic fracture 
or bullet fragments usually suggests a hem- 
atoma as the cause of the bladder displace- 
ment. A hematoma may occur following 
cystoscopy, presumably as a result of a 
quick-sealing perforation or injury to peri- 
vesical veins about the bladder base. (Fig. 
2, B and C). In addition, leakage of con- 
trast material outside the bladder may oc- 
cur during cystography following such an 
injury. 

Massive extraperitoneal hemorrhage is a 
serious and life-threatening complication 


TABEE I 
CAUSES OF LATERAL DISPLACEMENT OF THE BLADDER 


Aneurysm Soft tissue tumor 
Hematoma Fecal impaction 
Lymphadenopathy Inguinal hernia 
Lymphocele Prostate tumor 
Bladder diverticulum Adnexal cyst or tumor 


Innominate bone tumor Urachal remnant 
Rheumatoid cyst Extension of thigh or ret- 


Hip arthroplasty roperitoneal abscess or 
tumor 
Abscess Sacral meningomyelocele 


* From the Departments of Radiology, University of California School of Medicine, San Francisco, and San Francisco General 


Hespital, San Francisco, California. 
+ James Picker Foundation Scholar in Radiological Research. 
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Vagina 


Innominate 
Bone 


Muscle and 
Connective Tissue 





Peritoneal 
Cavity 
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Rectum 











Venous Plexus 


Femoral Head 
and Hip Joint 


Femoral Artery 
and Vein 


Bladder 


Fic. 1. Cross-section of female pelvis through the level of the bladder. (Modified, with permission 
from Eycleshymer and Schoemaker and Appleton-Century-Crofts.’ 


of pelvic fractures; a pelvic hematoma 
seen on urography may be the first indica- 
tion of a severe hemorrhage. Although 
bleeding caused by pelvic fractures was 
thought to originate in the myriad of pelvic 
veins near the fracture site, recent studies 
have indicated that certain pelvic fractures 
may be associated with injuries of specific 
arteries or large veins.™! In such cases an- 
giography may be required to define the 
bleeding site for pharmacoangiographic or 
surgical intervention. Because the extent of 
such hemorrhage may be difficult to assess 
clinically, the presence of stability of lateral 
displacement of the bladder may be of great 
clinical significance. 

Lymphatics. Involvement of retroperi- 
toneal lymph nodes by lymphoma can af- 
fect the course of the ureters, producing 
focal or extensive lateral displacement of 1 
or both ureters. Unilateral iliac lymph- 
adenopathy may displace the bladder from 
the midline (Fig. 3, 7 and B). The presence 
of palpable lymphadenopathy elsewhere 
or the previous diagnosis of lymphoma 
should suggest this cause of bladder dis- 
placement. Lymphangiography is necessary 
for definitive diagnosis. 


Pelvic lymphoceles or lymphocysts arise 
in over 20 per cent of patients undergoing 
radical pelvic lymph node dissection? and 
are another cause of bladder displacement. 
Less commonly, lymphoceles arise as a com- 
plication of a renal transplant procedure." 
To prepare the recipient vascular pedicle, 
lymphatic tissue surrounding the external 
iliac and hypogastric vessels must be ex- 
cised.° If the disrupted lymphatic channels 
are not ligated, postoperative leakage of 
lymph may accumulate in the retroperi- 
toneal space. Bladder displacement and 
obstructive uropathy may then be dem- 
onstrated by urography, and be asso- 
ciated with gradual reduction of renal 
function. In the absence of significant ob- 
struction or diminished renal function, 
surgical management may be deferred to 
allow the lymph accumulation to resorb 
spontaneously. Sometimes surgical drain- 
age 1s necessary (Fig. 3, Cand D). 

Bladder. A large, single diverticulum of 
the bladder commonly occurs posterolater- 
ally and can produce lateral deviation of 
the remainder of the bladder. Such bladder 
diverticula usually opacify during intraven- 
ous urography and, therefore, allow ready 
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explanation of the bladder deviation." Oc- 
casionally, however, those diverticula hav- 
ing narrowed or obstructed necks fail to 
opacify during urography (Fig. 44). In 
such instances, retrograde cystography will 
usually demonstrate diverticular filling 


Lateral Displacement of the Bladder 
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Fic. 2. Pelvic hematoma. (4) Case 1. Gunshot 


wound to pelvis resulted in a unilateral hema- 
toma that displaced the bladder laterally 
from the midline. (B) Case 11. Unilateral hem- 
atoma following cystoscopy. (C) Case m. 
Three weeks later there is partial resorption 
of the hematoma and return of the bladder 
toward midline. 





(Fig. 48). In men, the bladder is usually 
markedly trabeculated because of outlet 
obstruction caused by prostatic enlarge- 
ment. Occasionally a single, large, con- 
genital diverticulum is demonstrated in a 
child.4 Although medial deviation of the 
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Fic. 3. Lymphatic abnormalities. Case 111. Lymphomatous nodes displace the bladder from midline. (4) 
Cystogram and (B) lymphangiogram. (4 and B reprinted with permission, from Korobkin et al. and Ra- 
diology.’) Case 1v. (C) A huge lymphocele developed after renal transplant and caused marked hydro- 
nephrosis and bladder displacement. (D) Five days after drainage of the lymphocele, the bladder resumed 


its midline position. 


distal ureter is reportedly characteristic! 
and helpful in the diagnosis of single, large, 
bladder diverticulum, this finding is non- 
specific because it occurs with other lesions 
that produce lateral deviation of the blad- 
der. 

Hip and Innominate Bone. Medial ex- 
pansion of any bone tumor originating in 
the lateral pelvic wall may eventually dis- 
place the bladder from the midline. Tumors 
most frequently arising from the innomin- 
ate bone include aneurysmal bone cyst, 
osteogenic sarcoma, Ewing’s sarcoma, and 
chondrosarcoma.!® Although the specific 
cause of bladder displacement is usually 


obvious in these instances (Fig. 54), the 
diagnosis of aneurysmal bone cyst may be 
difficult if the medial margin is not appar- 
ent roentgenographically (Fig. 58). 

Rheumatoid arthritis of the hip can re- 
sult in inflammatory cysts of the adjacent 
bursae or adjacent bone.!8 Although it is 
rare, these cysts can project into the pelvic 
soft tissues, producing either unilateral or 
bilateral compression of the bladder. If the 
compression is unilateral, the bladder is 
displaced lateral to the midline. Bilateral 
compression roentgenographically simu- 
lates pelvic lipomatosis or diffuse perivesi- 
cal hematoma. 


VoL. 125, No. 2 





Fic. 4. Case v. A 65 year old man with gross hema- 
turia. (4) Excretory urogram shows lateral dis- 
placement of the bladder, which contains a large 
blood clot. (B) Cystogram shows hugh diverticu- 
lum filled with clot and outlined by contrast ma- 
terial. 


Total hip arthroplasty has come into 
widespread use in the therapy of severe os- 
teoarthritis and rheumatoid arthritis.“ The 
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Fic. 5. Tumors of the innominate bone. (4) Case vı. 
Osteogenic sarcoma of the ilium displaces the 
ureter and bladder. (B) Case vir. Aneurysmal bone 
cyst arising in the ischium. The osseous nature of 
the pelvic mass is not apparent on this examina- 
tion. 


Charnley-Miller and McKee-Farrar pros- 
theses, commonly used at our hospital, 
consist of a metallic femoral component 
and an acetabular cup. The acetabular cup 
is anchored in place by an acrylic resin de- 
posited in the surgically enlarged acetabu- 
lum and in holes drilled in the innominate 
bone. Resin may occasionally extrude into 
the pelvis because of excessive enlargement 
of the acetabulum or infection that results 
in an abscess extending into the pelvis. The 
soft tissue mass that results may displace 
the bladder from the midline. 
Areolar Connective Tissue. 


Pelvic ab- 


342 M. Korobkin, H. Minagi and A. J. Palubinskas 





Fic. 6. Tumors of pelvic connective tissue. Case viii. 
(4) Benign myxoma producing slight medial dis- 
placement of the ureter and lateral displacement 
of the bladder. (B) Pelvic pneumogram shows the 
soft tissue tumor arising from the lateral pelvic 
wall (arrows). 


scesses can complicate inflammatory dis- 
ease of the fallopian tubes or the appendix. 
History and physical findings often indi- 
cate the source of any abnormalities that 
may be seen roentgenographically. A va- 
riety of soft tissue tumors can arise from 
the connective tissue lateral to the bladder. 
We encountered 2 benign myxomas that 
displaced the bladder laterally: 1 arose near 
the bladder floor, elevating the bladder and 
displacing it to the iliac bone; the other oc- 
curred higher in the pelvis and was clearly 


OCTOBER, 1975 


Oe 


Fic. 7. Megacolon. (4) Case 1x. Barium enema ex- 


amination demonstrates the massive distention of 


the rectosigmoid colon down to the level of the 
anus. Biopsy specimen showed normal ganglion 
cells in the distal rectum. (B) Case x. Because the 
aganglionic segment of the colon lies well proximal 
to the anus in this patient with Hirschsprung’s dis- 
ease, the lower portion of the bladder is not later- 
ally displaced. 


X 


Nar 
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Fic. 8. Inguinal hernia. Case x1. (4) Residual barium in colonic diverticula indicates a large inguinal hernia. 
(B) Note the wide space between the afferent and efferent loops of the hernia at the dilated inguinal ring. 
Case xu. (C) A large scrotal hernia has a much smaller inguinal ring than in Case x1, through which the 
afferent and efferent loops pass. (D) There is only a slight impression on the superolateral aspect of the 


bladder. 


demonstrated by pelvic pneumography PELVIC TISSUES ADJACENT TO BLADDER 

(Fig. 6, Æ and B). Although these examples Colon. Although the rectum lies posterior 
are of benign lesions, over 80 per cent of to the bladder, it can distend asymmetric- 
retroperitoneal masses are malignant.! ally in the pelvis and displace the bladder 
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metry of the pelvic phleboliths suggests a possible 
pelvic mass on the left. (B) Lateral displacement 
of the bladder is produced by the eccentric spread 
of prostatic carcinoma. 


from the midline. If the level of obstruction 
is at the anus, as in “psychogenic” mega- 
colon, the entire bladder may be laterally 
displaced (Fig. 74); if the site of obstruc- 
tion is more proximal, only the superior 
portion of the distended bladder may be 
displaced (Fig. 78). 

The frequent association of constipation 
with urinary tract infection in children is 
not well recognized. Neumann eż a/. found 
that abnormal bowel habits suggesting con- 
stipation were present in 4§ of 131 children 
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B 1 


Fic. 10. Case xıv. Perinephric abscess extending into 
the pelvis. (4) Lucent linear streaks and bubbles 
(arrows) can be seen along the right psoas margin 
following trauma to the flank. (B) Several days 
later the bladder was laterally displaced by a pel- 
vic abscess. 


with urinary tract infections. In those pa- 
tientd undergoing urography, the bladder 
wall appeared irregular or the bladder was 
displaced. When both the constipation and 
urinary tract infection were treated, only 9 
of the 45 patients had recurrence of the 
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Fig. 11. Case xv. Urachal cyst. (4) Large pelvic mass displaces the bladder and left ureter to the right. 


(B) Lateral roentgenogram shows the mass anterior and superior to the bladder, extending to the region 


of the umbilicus. 


infection within 1 year. In a similar group 
of 18 patients treated for only their urinary 
tract infection, 16 had a recurrence within 
1 year. This suggests that constipation 
plays a role in the production of urinary 
tract infections in children. The authors 
postulated that displacement of the blad- 
der and posterior urethra by the full rectum 
in the fixed and limited space of the bony 
pelvis produces interference with micturi- 
tion and, in turn, urinary stasis. 

The inguinal canal is anterolateral to the 
bladder. Most small inguinal hernias pro- 
duce no impression on the bladder, but 
massive colonic heraias into the scrotum 
may displace the bladder to the side oppo- 
site the hernia (Fig. 8, 4 and B). The pres- 
ence and degree of such bladder displace- 
ment probably are related to the degree of 
dilatation of the inguinal ring: the wider 
the ring, the more widely separated the 
afferent and efferent colon loops and the 
greater the unilateral mass effect produced 


by the bowel loops (Fig. 8, C and D). 


Prostate Gland and Adnexa. Most adnexal 
tumors ascend into the lower abdomen and 
produce only a superior impression on the 
bladder. In our experience, they only rarely 
displace the bladder from the midline. In a 
similar fashion, prostate tumors usually im- 
press the bladder from below but only oc- 
casionally does the lesion grow eccextrically 
enough to produce lateral disp’..cement of 


the bladder (Fig. 9, 4 and B). 


SPREAD FROM EXTRAPERITONEAL TISSUES 


Retroperitoneal Abscess and Neoplasm. 
The pelvic extraperitoneal space is an ex- 
tension of the retroperitoneal space. Conse- 
quently, it is not surprising that retroperi- 
toneal abscesses and tumors arising in the 
abdomen can spread directly to the pelvis 
and displace the bladder. Figure 10, 4 and 
B, illustrates displacement of the bladder 
by a perinephric abscess that had extended 
down the psoas sheath into the pelvic soft 
tissues about the bladder and rectum, dis- 
placing the bladder from the midline. 





Fic. 12. Case xvi. Rhabdomyosarcoma of the thigh. 
The tumor has spread directly into the left side of 
the pelvis, causing ureteral obstruction as well as 
bladder displacement. Metastasis to L-4 and L-5 
is also present. 


Urachal Remnant. The urachus is a nor- 
mal, elongated embryologic remnant of 
the early communication between the blad- 
der vertex and the allantoic duct.!! In the 
normal adult, the urachus is a fibromuscu- 
lar appendage, with a minute potential 
lumen. Patency of the urachus anywhere 
along its embryologic course can result in 
stasis and a cystic mass. Cystography 
usually demonstrates those structures that 
retain bladder communication; injection 
of contrast material into an umbilical sinus 
is necessary for diagnosis if the urachal 
remnant does not communicate with the 
bladder. Although urachal cysts are usually 
midline in position, massive distention of 
these remnants can assume an eccentric 
pelvic position and displace the bladder to 
one side (Fig. 11, Æ and B). The extraperi- 
toneal origin of this remnant allows easy 
access into the extraperitoneal pelvic space. 

Thigh. Soft tissue tumors of the thigh 
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can spread directly into the pelvis, dis- 
placing the bladder from the midline (Fig. 
12). This displacement may represent 
either direct physical extension or lymph- 
atic dissemination. Again, history and 
physical findings will usually indicate the 
cause of the bladder displacement. 


Melvyn Korobkin, M.D. 

Department of Radiology 

University of California School of Medicine 
San Francisco, California 94143 


We are grateful to the following roent- 
genologists for the use of their cases in this 
report: Cases 11, 1x, and xv, Dr. Hooshang 
Taybi; Case 1v, Dr. John Carolan; Case 
vu, Drs. Fred Margolin and James Moore; 
and Case x, Dr. Walter A. Griesbach. 
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COMPENSATORY RENAL HYPERTROPHY AFTER 
TREATMENT FOR WILMS’ TUMOR* 
By THOMAS J. LUTTENEGGER, M.D.,t CHARLES A. GOODING, M.D., 


and LAWRENCE G. -FICKENSCHER, M.D.t 
SAN FRANCISCO, CALIFORNIA 


ABSTRACT: 


In children who undergo nephrectomy for Wilms’ tumor, compensatory renal 
hypertrophy occurs rapidly despite concomitant irradiation and chemotherapy. Re- 
view of preoperative and postoperative intravenous pyelograms of 21 children 
showed all to have significant enlargement of the remaining kidney. Sixty-five per 
cent renal hypertrophy occurred during the first 2 months after nephrectomy; by 11 
months, renal hypertrophy is complete and renal growth is no longer accelerated. 


AUFER and Griscom’ showed that com- 
pensatory renal hypertrophy in infants 
with unilateral multicystic kidney disease 
begins promptly at birth, with the kidney 
reaching 75 per cent of total normal renal 
mass at 4 months and approximately 100 
per cent of total normal renal mass after i 
year. We evaluated the degree of compen- 
satory renal hypertrophy which occurs fol- 
lowing nephrectomy in older children. We 
believe this information is important in 
management decisions regarding patients 
with Wilms’ tumor. | 
The consideration of further insult to the 
renal function remaining after unilateral 
nephrectomy for Wilms’ tumor always 
presents a problem in irradiation and 
chemotherapeutic management. Knowledge 
of the potential compensatory renal hyper- 
trophy during all phases of the anticipated 
treatment regimen is essential. 


MATERIAL AND METHOD 


Twenty-one children with unilateral 
Wilms’ tumor seen from 1965 through 1973 
were selected for retrospective evaluation 
to determine the degree of compensatory 
renal hypertrophy that occurred following 
nephrectomy. The youngest patient was 8 
months at the time of diagnosis while the 
oldest was 6 years. The children were arbi- 


trarily grouped by age as follows: o to 24 
months, 24 to 48 months, and more than 48 
months of age. Clinical records showed that 
all patients had unilateral nephrectomy 
followed by postoperative irradiation ` as 
well as treatment with dactinomycin at the 
time of operation or shortly thereafter. All 
children had .a preoperative intravenous 
pyelogram and at least 2, usually 4 or more, 
postoperative intravenous pyelograms. Kid- 
ney size was assessed using measurements 
of renal length (L) and width (W) and the 
distance from the top of Lı to the bottom of 
L; vertebral bodies as seen on the 5 minute 
postinjection pyelogram.*? The film at 5 
minutes after injection was chosen because 
it is a routine film time, when the outline of 
the renal parenchyma is well visualized and 
maximum postinjection renal swelling oc- 
curs.} . 

As a basis for assessing renal size on sub- 
sequent pyelograms, several established 
facts were considered. Kidney weight is 
best correlated with kidney area.? Multi- 
plying kidney length by kidney width gives 
a linear relationship to postmortem kidney 
weight." In normal children, a graph of the 
distance from the top of Lı to the bottom of 
L, vertebral bodies, according to age, 1s 
identical to a graph of kidney length as a 
function of age. Thus the kidney area 


* From the Department of Radiology, University of California School of Medicine, San Francisco, California. 
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(length times width) and the distance be- Taste | 

tween Lı and L, produce approximately a AGE DISTRIBUTION 

I:I ratio. aaa ooo 
We have adopted the phrase relative Age at Diagnosis Patients 

renal hypertrophy (RRH) to indicate ac- 7 

celerated or augmented renal growth fol- die Suita aie per sent) 

; 24-48 months 7 (33 per cent) 
lowing contralateral nephrectomy. It repre- >48 months 6 (29 per cent) 
sents renal growth beyond the expected —— 
normal renal growth. One hundred per cent 
RRH may be defined as the maximum was RRH complete 12 months after 


eventual gain in renal size above the ex- 
pected normal renal size. RRH is derived 
by dividing the renal area (LXW) by the 
height of lumbar vertebral bodies (top Li 
to bottom L,) seen on the child’s last 
pyelogram, then subtracting the similarly 
calculated measurement made from the 
child’s initial preoperative pyelogram. Per- 
centages less than 100 per cent RRH repre- 
sent values at times between initial pre- 
operative pyelograms and the time of the 
final examination. Theoretically, the nor- 
mal kidney grows at a predictable rate; 
thus, exaggerated renal growth relative to 
the age of the child can be detected. Our 
method simplifies the identification of 
compensatory renal hypertrophy and also 
allows for easy follow-up evaluation of the 
hypertrophy as the child grows. 


RESULTS 


The age distribution of the 21 patients 
studied is given in Table 1. The per cent 
RRH as a function of months after diag- 
nosis is shown in Figure 1. The points 
plotted on the graph represent the average 
per cent RRH attained following nephrec- 
tomy for all patients examined at the time 
indicated on the abscissa. By 2 months, 65 
per cent RRH has occurred, and by 4 
months this has increased to 75 per cent 
RRH. The graph demonstrates a plateau 
at 90 per cent RRH by 11 months. By this 
time, renal hypertrophy is complete, ż.e., 
renal growth is no longer accelerated. 

When our data are analyzed as a func- 
tion of the 3 arbitrarily chosen age groups, 
it is seen that RRH occurred the least 
rapidly in the children under 2 years of age 
(Table 11). In only 63 per cent of this group 


nephrectomy. In children more than 2 
years of age, the process was considerably 
faster, with at least 50 per cent of the chil- 
dren achieving total RRH by 6 months. 


DISCUSSION 


Nephrectomy, followed by irradiation 
and combined dactinomycin and vincristine 
chemotherapy, remains the treatment of 
choice for patients with unilateral Wilms’ 
tumor.’ During irradiation of the nephrec- 
tomized kidney bed, radiation is scattered 
to the remaining kidney. Vaeth” found that 
despite substantial doses of radiation to the 
remaining kidney it stayed as large or was 
larger than normal in all children studied, 
and none developed radiation nephritis up 
to 10 years following treatment. Mitus and 
associates!” state that dactinomycin has not 
been found to impair renal function. Jereb 
et al.’ reviewed 16 patients with Wilms’ tu- 
mor and showed through measurements of 
glomerular filtration rate and para-amino- 
hippuric acid (PAH) clearance that none 
had clinically manifest renal dysfunction 
following treatment with radiation and 
dactinomycin. However, because dactino- 
mycin is an antimetabolite, renal hyper- 





MONTHS AFTER DIAGNOSIS 


Fic. 1. Percent of relative renal hypertrophy (RRH) 
as a function of months after diagnosis. 
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TABLE II 


ATTAINMENT OF COMPLETE RELATIVE RENAL HYPERTROPHY BY AGE AT DIAGNOSIS 


Months after Nephrectomy 


Per Cent of Age Group Attaining Complete RRH 


24-48 mo. >48 mo. 





O-24 mo. 
3 O 
6 13 per cent 
9 13 per cent 
12 63 per cent 


29 per cent 
$7 per cent 
$7 per cent 
$7 per cent 


i7 per cent 
5o per cent 
67 per cent 
83 per cent 


RRH = relative renal hypertrophy. 


trophy might well be delayed. Our study 
does not evaluate compensatory renal 
growth in the absence of these therapeutic 
methods—all of our patients had both 
forms of postoperative treatment. Rather, 
it reflects the changes in renal growth under 
the influence of this standardized regimen. 
Certainly at 1 year following treatment of a 
Wilms’ tumor, about two-thirds of children 
will have experienced nearly complete com- 
pensatory renal growth. 

We had anticipated that renal hyper- 
trophy might occur faster in the younger 
age group. This does not appear to be the 
case, however; the most rapid changes were 
noted in the older children. We were not 
able to define the early postnephrectomy 
growth rate as most of the patients did not 
have an intravenous pyelogram until 2 
months after surgery. 

At diagnosis, no patient had a renal 
length on the normal side below the mean 
value for age as described by Hodson eż al.’ 
Fifty-three per cent (11 of 21) of the pa- 
tients had renal lengths near the mean, 
while an additional 38 per cent (8 of 21) 
were within 1 standard deviation of the 
mean. Nine per cent (2 of 21) patients had 
a renal length within 2 standard deviations 
of the mean. On the final pyelogram, all but 
1 of our patients had renal lengths greater 
than 1 standard deviation, and often 
greater than 2 standard deviations, beyond 
the normal values as defined by Hodson 
et al.’ The 1 exception also had a renal 
length exceeding normal for his age. 


Bilateral Wilms’ tumor occurs in 4.1 per 
cent to 13 per cent of all Wilms’ tumor 
cases.”"4 Improved survival of this group is 
reflected in the more aggressive treatment 
of the primary as well as metastatic lesions. 
The number of survivors has been increased 
by the current therapeutic regimen and 
with aggressive treatment of sites of pul- 
monary and hepatic metastasis.* ! 

Fight selected cases of bilateral Wilms’ 
tumor patients having unilateral nephrec- 
tomy, followed by irradiation and chemo- 
therapy, were reviewed and analyzed by 
our method. These cases were not included 
in the 21 cases described above. The hyper- 
trophic response pattern of these 8 patients 
was similar to those with unilateral disease. 
Therefore, the RRH pattern alone did not 
enable us to identify the presence of a sec- 
ond Wilms’ tumor in the remaining kidney. 


Charles A. Gooding, M.D. 

Department of Radiology 

University of California School of Medicine 
San Francisco, California 94143 


We appreciate Dr. Hooshang Taybt’s co- 
operation in contributing several of the 
cases analyzed. 
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RENAL OSTEODYSTROPHY IN PATIENTS ON 
HEMODIALYSIS AS REFLECTED IN 
THE BONY PELVIS* 


By JOSEPH NORFRAY, M.D.,t LEONID CALENOFF, M.D., FRANCESCO DEL GRECO, M.D., 
and FRANK A. KRUMLOVSKY, M.D. 
CHICAGO, ILLINOIS 
ABSTRACT: 


Roentgen studies in a group of 131 patients on maintenance hemodialysis reveal 
renal osteodystrophy in 25 patients (19 per cent). In 24 patients of the latter group 
(98 per cent), the various manifestations of renal osteodystrophy appear in the 
bony pelvis. They include: osteomalacia; osteitis fibrosa; osteosclerosis; dialysis 
osteopenia; and extraosseous calcifications. Some of the changes, 7.e., bending of 
bone, Looser’s lines, metaphyseal fractures and dialysis osteopenia, are due, at least 
in part, to the weight bearing nature of the bony pelvis. These findings are rarely, 
if ever, seen in the digits or in other non-weight bearing bones. 

It is therefore proposed to evaluate the bony pelvis, together with the magnifica- 
tion digital roentgenogram, when a less costly and less time consuming skeletal 
survey is needed in hemodialized patients. 


T development of renal osteodys- 
trophy in patients on maintenance 
hemodialysis is not an unusual occurrence. 
A higher incidence has been noted in those 
patients compared to non-hemodialized 
patients with similar chronic renal dis- 
ease.t? The roentgen manifestations of 
renal osteodystrophy, namely, osteoma- 
lacia, osteitis fibrosa, osteosclerosis, dialysis 
osteopenia, and soft tissue calcifications, 
are well documented in the literature.® 113.19 
We have previously stressed the less costly 
and less time consuming value of direct 
magnification digital roentgenography* in 
evaluating renal osteodystrophy in hemo- 
dialyzed patients. The digit, easily acces- 
sible for roentgenography, is a non-weight 
bearing cortical bone which readily shows 
changes of bone resorption. Changes due 
to stress, however, are not seen in the 
digit, and examination of a weight bearing 
bone is needed to complete an economical 
and rapid skeletal survey of patients sus- 
pected of having or being followed for 


renal osteodystrophy. 

The bony pelvis was chosen as the weight 
bearing bone, because roentgenograms of 
the pelvis are readily available for every 
hemodialyzed patient from urograms, cys- 
tograms, or complete skeletal surveys. 

The purpose of this communication is to 
describe the roentgen manifestations of 
renal osteodystrophy as they appear in the 
bony pelvis and to review briefly the cur- 
rent pathogenic concepts of skeletal changes 
in chronic renal insufficiency. 


CLINICAL MATERIAL 


During the period from January, 1963, 
through December, 1972, 131 patients with 
end-stage renal disease of varying etiology 
entered the program of hemodialysis at our 
institution.!® As part of the initial evalua- 
tion, all patients had a complete skeletal 
survey, and most had intravenous or retro- 
grade urography, or both, and cystography. 
Biopsy of the posterior iliac crest was per- 
formed in 45 patients. After the inception 


* From the Department of Radiology and the Section of Nephrology-Hypertension, Department of Medicine, Northwestern Me- 
morial Hospital and the McGaw Medical Center of Northwestern University, Chicago, IIlinois. 
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+ Present Address: Department of Radiology, Henrotin Hospital, Chicago, Illinois. 
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' of maintenance hemodialysis, skeletal sur- 


vey roentgenography was repeated at in- 
tervals of from 6 to 12 months, or more fre- 
quently if indicated. The level of serum 
parathyroid hormone was determined se- 
rially in 15 patients observed during the 
latter part of this period. 

Renal osteodystrophy, verified by roent- 
gen examination, bone biopsy, or both, de- 
veloped during this period in 25 patients 
(19 per cent of the total). In 24 patients of 
the latter group (96 per cent), the manifes- 
tations of renal osteodystrophy were re- 
flected in the bony pelvis. The specific 
findings are given in Table 1. 


ROENTGEN MANIFESTATIONS 


Because of the weight bearing function 
of the pelvis and surrounding structures, 
the roentgen examination of the pelvis may 
reveal: Looser’s lines, coxa vara defor- 


` mities, Otto pelvis deformities, meta- 


physeal fractures, widening of the growth 
plates, and frank fractures. 


- OSTEOMALACIA 


Decreased mineralization of osteoid is 


TABLE I 


RENAL OSTEODYSTROPHY MANIFESTATIONS IN 
PELVIC ROENTGENOGRAMS OF 24 PATIENTS 


No. of Percent- 


bs Sistas 
Roentgen Findings Patents nae 


Advanced osteomalacia 


9 37.5 
Coxa vara 2 8.3 
Otto pelvis 2 8.3 
Wide growth plates 2 8.3 
Osteitis fibrosa II 45.8 
Metaphyseal fracture I 4.1 
Osteolysis at insertion of 
muscles and tendons 6 25 
Wide joints 4 16.6 
Osteosclerosis 4 16.6 
Extraosseous calcifications 9 37.5 
Arterial calcifications 7 29.1 
Periarticular calcifications 2 8.3 
Dialysis osteopenia: I 4.1 
Avascular necrosist 4 16.6 


*In most instances, there was more than I finding on each 
pelvic roentgenogram. 
t See explanations in text. 
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the fundamental disorder underlying os- 
teomalacia.?> In chronic renal failure, in- 
testinal absorption of calcium is impaired, 
and there are hypocalcemia, hyperphos- 
phatemia, and secondary hyperparathy- 
roidism.5*! “Resistance” to the biological 
action of vitamin D on the intestinal mu- 
cosa comes about, with further decline of 
calctum absorption. Consequently, the 
ionized plasma pool of calcium is even 
more decreased, causing additional stimu- 
lation of parathyroid hormone secretion. It 
has been stated? that the vitamin D re- 
sistance of uremia may also explain the de- 
pression of bone formation and apposition 
rate and the delay in the maturation of 
organic bone matrix. 

The nature of vitamin D resistance in 
uremia is yet to be fully elucidated. Many 
studies have shown that the patient with 
uremia requires a greater intake of vitamin 
D than the normal individual, and that the 
metabolism of vitamin D is altered in 
uremia.!*® It has been established that the 
loss of kidney cells interferes with the con- 
version of vitamin D to its active metabo- 
lite, lack of which is ultimately responsible 
for the defect in calcium absorption.’ The 
dietary intake of calcium may also be in- 
adequate. Additionally, if the calcium con- 
tent of the dialysate is below 3 mg. per 


cent, the plasma pool of ionized calcium 


can be further decreased. Hyperphos- 
phatemia, the result of inability of the 
diseased kidney to excrete dietary phos- 
phorus adequately, may also contribute to 
hypocalcemia. 

Osteomalacia in the adult will appear in 
the pelvis as decreased bone density, 
Looser’s lines, and bending of bone. The 
decreased bone density can best be seen in 
the change in the clarity of the trabeculae 
in the pelvis and proximal femurs (Fig. 1). 
There is osteoclastic osteolysis of both the 
secondary trabeculae which run perpen- 
dicular or oblique to major trabeculae, and 
also the major trabeculae, which run paral- 
lel to the lines of stress.” The osteoblasts 
attempt to reform the trabeculae by pro- 
ducing osteoid. However, because of poor 
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Fic. 1. Pelvis of a 31 year old woman with chronic 
glomerulonephritis and roentgen signs of osteo- 
malacia. The trabeculae in the femoral head and 
in the area above the acetabulum are indistinct. 


mineralization, excessive osteoid develops. 
This gives a hazy appearance to the re- 
maining trabeculae. 

Looser’s lines are thin, radiolucent lines 
perpendicular to the cortex at sites of 
stress, and composed of woven bone (non- 
lamellar bone formed by the abnormal 
collagen).!® They are seen in the ischial and 
pubic rami, the medial margins of the 
femoral neck and shaft, and the lesser 
trochanter.!! 1° 

The poorly mineralized osteoid allows 
the bones surrounding the pelvis to bend, 
leading to development of coxa vara (Fig. 
2) and Otto pelvis? (Fig. 3; and 4). 





Fic. 2. Pelvis of a 25 year old man with familial 
vitamin D resistant rickets on hemodialysis after 
2 unsuccessful renal transplants. Bilateral coxa 
vara has developed as a result of osteomalacia. 
Note the increase in thickness of the cortex on the 
medial aspect of the femoral neck, the result of 
realignment after bending had occurred. The bony 
trabeculae are covered by “ground glass” osteoid. 
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Decreased bone density, Looser’s lines, 
and bending of bone also occur in rickets; 
however, in this condition there are 
changes about the unfused epiphysis and 
metaphysis. Widening of the zone of pro- 
visional ossification between epiphysis and 
metaphysis by more than I mm. is the 
earliest sign of rickets. Later, cupping and 
fraying of the metaphysis are seen.!*:?° The 
unfused femoral epiphysis allows one to 
observe these changes (Fig. 3). 


OSTEITIS FIBROSA 


Hypocalcemia, hyperphosphatemia, and 
vitamin D resistance associated with renal 
failure ultimately result in secondary hy- 
perparathyroidism. The increase in serum 
parathyroid hormone level causes increased 
osteocytic and osteoclastic bone reabsorp- 
tion, with resultant osteolysis. This occurs 
at the endosteal, Haversian, and subperios- 
teal surfaces. 

Reabsorptive activity is seen roentgeno- 
graphically when resorption cavities are 
filled with woven bone or fibrous tissue 
(e.g., osteitis fibrosa).!! Subperiosteal re- 
absorption is caused by osteocytes located 
in the lacunae and canaliculi of cortical 





Fic. 3. Pelvis of a 16 year old boy with hereditary 
interstitial nephritis and unfused epiphyses. There 
is bilateral protrusion of the acetabulum (Otto 
pelvis). The zones of provisional ossification in the 
unfused femoral epiphyses, the cartilage of “Y,” 
and the sacroiliac joints are wide. 
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bone.!® Endosteal and Haversian osteolysis 
is also caused by osteoclasts. Subperiosteal 
reabsorption is more readily identified 
roentgenologically because of greater osteo- 
cytic versus osteoclastic activity. 

Roentgenograms of the pelvis can per- 
mit identification of osteolysis in areas of 
increased remodelling. Metaphyseal frac- 
tures are caused by osteolysis in these 
areas.!° This explains the increased inci- 
dence of metaphyseal hip fractures in pa- 
tients with renal osteodystrophy (Fig. 4). 

There also is increased osteolysis at sites 
of stress from tendon insertions and joints, 
such as the sacroiliac joint and the symphy- 
sis pubis (Fig. 5). Presumably, these sites 
of stress develop electrical potential dif- 
ferences at their surfaces, and osteolysis 
occurs at the surface with the positive 
charge. The “widened” joint spaces have 
been shown to be a combination of poorly 
mineralized woven bone and fibrous tissue 
which has replaced the lamellar bone in 
the subchondral region.” 


OSTEOSCLEROSIS 


Osteosclerosis will appear in the pelvis 
as an area of increase in bone density. The 
disorder is thought to develop because of 





Fic. 4. Same patient as in Figure 3, 8 months later. 
There are fractures of both femoral metaphyses 
(arrows), resulting in slippage of the epiphyses. 
The fractures are a direct result of osteolysis oc- 
curring in areas of increased remodelling of bone. 
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Fic. 5. Pelvis of a 50 year old woman with chronic 
pyelonephritis. There are signs of osteolysis in the 
anterior superior iliac spines, ischial tuberosities, 
and trochanters (open arrows), the sites of insertion 
of muscles. The osteolysis is identified as sub- 
periosteal resorption. The wide symphysis pubis 
and sacroiliac joints (black arrows) are the result 
of osteolysis and replacement by woven bone and 
fibrous tissue (osteitis fibrosa). 


Fic. 6. Pelvis of an 18 year old girl with chronic 
glomerulonephritis. The increased density of the 
bony pelvis and femurs is characteristic of osteo- 
sclerosis, representing excessive but poorly miner- 
alized osteoid. 
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Fic. 7. Pelvis of a 33 year old man with medullary 
cystic renal disease, who developed, while on 
hemodialysis, profuse arterial calcifications (a sign 
of Moénckeberg’s arteriosclerosis). The iliac and 
femoral arteries are calcified (arrows). Note clips 
from present working transplanted kidney. The 
transplant has not reversed the calcification. 


the direct effect of increased parathyroid 
hormone secretion on osteoblasts to en- 
hance osteoid production, while there is 
only partial mineralization of the osteoid 
due to osteomalacia.” Thus, even though 
there is only partial mineralization of 





Fic. 8. Pelvis of a 56 year old woman with nephro- 
sclerosis. In addition to calcified arteries (black 
arrows), there are calcifications in the symphysis 
pubis (vertical black arrow), indicating chondro- 
calcinosis. Note also periarticular calcifications of 
the hips (white arrows). 
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osteoid, there is such an excessive amount 
of osteoid that the bone appears dense 


(Fig. 6). 
EXTRAOSSEOUS CALCIFICATIONS 


Extraosseous calcifications are more likely 
to occur when the product of the plasma 
calcium (in mg./100 ml.) and plasma phos- 
phorus (in mg./1oo ml.) is greater than 
75."9 In renal osteodystrophy the product 
increases chiefly because the level of 
plasma phosphorus is elevated, due to in- 
ability of the diseased kidneys to excrete 
ingested dietary phosphorus. Hypercal- 
cemia, secondary to “tertiary” (‘‘autono- 
mous”) hyperparathyroidism or to exces- 
sive vitamin D administration, may also 
contribute to an elevated calcium-phos- 
phorus product. Extraosseous calcifications 
in the bony pelvis are most commonly seen 
as calcifications of the internal and exter- 
nal iliac arteries and superficial femoral 
arteries (Fig. 7; and 8). The calcifications 
are located in the tunica media, rather than 
in the intima as in arteriosclerosis."4 

Periarticular calcifications can also be 





Fic. 9. Tomogram of the left hip of an 18 year old 
girl with medullary cystic renal disease, who while 
on maintenance hemodialysis developed an undis- 
placed fracture of the femoral neck characteristic 
of dialysis osteopenia. 
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observed around the hip joints and the 
symphysis pubis. They present as chrondro- 
calcinosis or tumoral calcinosis!* (Fig. 8). 


DIALYSIS OSTEOPENIA 


Recently a new presentation of bone dis- 
ease in renal osteodystrophy has been de- 
scribed—dialysis osteopenia.’ It is char- 
acterized primarily by a progressive reduc- 
tion in bone mass (1.e., osteoporosis), but 
changes of osteomalacia and osteitis fibrosa 
are also present. Its roentgenographic man- 
ifestation is that of stress fractures which 
heal slowly, although with abundant callus 
(Fig. 9). In addition to the femoral neck, 
they can occur in the pubic and ischial 
rami. 


AVASCULAR NECROSIS 


Avascular necrosis is seen fairly fre- 
quently in renal transplant recipients, as 
well as in other patients receiving high 
doses of steroids. Avascular necrosis may 
occur in the course of maintenance hemo- 
dialysis without any demonstrable under- 
lying etiological factor. Twenty-three pa- 
tients with avascular necrosis were seen in 
a series of 350 patients on maintenance 
hemodialysis.’ In our series of 131 patients 
on hemodialysis, we did not observe avas- 
cular necrosis occurring in the femoral 





Fic. 10. Pelvis of a 22 year old woman with chronic 
glomerulonephritis who had a transplant 2 years 
earlier. The transplanted kidney was rejected 2 
months later following heavy doses of corticoste- 
roids. While on hemodialysis she developed bilateral 
aseptic necrosis of the hips. Note the fragmenta- 
tion, flattening, and sclerotic changes of the fem- 
oral heads. 
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head, except after renal transplantation 
and high doses of steroids (Fig. 10). 


Leonid Calenoff, M.D. 
Department of Radiology 
Northwestern Memorial Hospital 
303 East Superior Street 
Chicago, Illinois 60611 
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CROHN’S DISEASE OF THE ESOPHAGUS* 


By WON-SIK CYNN, M.D., HIKON CHON, M.D., PATRICIA A. GUREGHIAN, M.D., 
and BARRY L. LEVIN, M.D. 


PHILADELPHIA, PENNSYLVANIA 


ABSTRACT: 


Two cases of Crohn’s disease involving the esophagus are described. Both pa- 
tients had Crohn’s disease elsewhere. Multiple intramural fistulous tracts are seen 
in both patients, and this is a characteristic feature of Crohn’s disease. One patient 
developed a spontaneous esophago-bronchial fistula. Even though the esophageal 
involvement of Crohn’s disease is rare, it should be suspected when a chronic 
esophageal inflammatory lesion develops in a patient who has Crohn’s disease else- 
where, especially without hiatus hernia or other chronic disease. 


ROHN’S disease is a chronic inflam- 

matory disorder of unknown etiology 
and may involve any part of the intestinal 
tract but typically involves the terminal 
ileum." Farther away from the terminal 
ileum, the intestinal tract becomes less fre- 
quently involved by Crohn’s disease. Re- 
cently, an increasing number of cases of 
Crohn’s disease involving the gastrodu- 
odenal area has been reported suggesting 
that involvement of the upper gastroin- 
testinal tract may be more common than 
generally believed.” However, there have 
been only a few reports of Crohn’s disease 
involving the esophagus. The purpose of 
this communication is to report 2 cases of 
Crohn’s disease of the esophagus which 
demonstrate its characteristic roentgeno- 
graphic features. 


REPORT OF CASES 


Case 1. (E.B.) This 34 year old white male 
was admitted to the Graduate Hospital of the 
University of Pennsylvania on February 2, 1971, 
because of cough, fever and chest pain of about 
2 weeks’ duration. The patient had been suf- 
fering from ileocolitis including anal and peri- 
anal complications for 17 years and had under- 
gone 4 resections of involved small and large 
bowel (Fig. 1). He had been on steroids for a 
long period. In June, 1970, about 7 months 
prior to the current admission, he developed 
mild dysphagia, and an esophagogram demon- 
strated irregular, somewhat nodular thick mu- 


cosal folds 

(Fig. 2). 
On admission a chest roentgenogram and an 

esophagogram showed an esophago-bronchial 


mainly in the mid-esophagus 





Fic. 1. Case 1. A small bowel study demonstrates 
marked shortening of the small bowel and anasto- 
mosis of the small bowel to the ascending colon 
from multiple previous operations. Recurrent 
Crohn’s disease is obvious in the distal small bowel 
and proximal ascending colon. 


* From the Graduate Hospital and the Hospital of the University of Pennsylvania, Philadelphia, Pennsylvania. 
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Fic, 2. Case 1. An esophagogram in June, 1970, dem- 
onstrates irregular, thick mucosal folds (arrows) 
in the mid-esophagus with a suggestion of nodu- 
larity. 


fistula and a lung abscess. An esophagoscopic 
examination confirmed esophagitis and the 
fistula. One throat culture revealed monilia. 
The patient was placed on penicillin, intraven- 
ous hydrocortisone and mycostatin oral sus- 
pension. The patient gradually improved and 
was discharged from the hospital on March s, 
1971. 

One month later, the patient was re-admitted 
for coughing spells and fever. An esophagogram 
demonstrated multiple transverse fistulous 
tracts at the right lateral aspect of the mid- 
esophagus as well as a longitudinal fistula 
parallel to the esophageal wall (Fig. 3, 4 and 
B). He was discharged after about 5 weeks med- 
ical treatment consisting of hyperalimentation, 
steroids, penicillin, and mycostatin. However, 
the patient was re-admitted in July, 1972, with 
the complaints of choking sensation and cough 
upon ingestion of liquid. A chest roentgenogram 
and an esophagogram demonstrated a recurrent 
esophago-bronchial fistula (Fig. 4). The patient 
expired 6 weeks after admission. 

At autopsy, there were multiple fistulous 
tracts in the markedly thickened wall of the 
mid-esophagus, some of them penetrating into 
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the mediastinum and lung. The microscopic 
examination of the esophagus, as well as the 
small and large bowel, showed transmural 
chrcnic inflammatory changes representing 
Crohn’s disease without granuloma. 


Case 11. (A.A.) This 56 year old Black female 
was seen at the Hospital of the University of 
Pennsylvania complaining of dysphagia of 6 
months’ duration. During a recent admission 
to another hospital, a barium swallow exam- 
ination demonstrated the suggestion of tumor 
in the distal esophagus but biopsy revealed no 
tumor. Resection of the rectum and part of the 
colon had been carried out in the past because of 
multiple fistulae including a recto-vaginal fis- 
tula due to Crohn’s disease. 

Physical examination on admission was un- 
remarkable except for the presence of a per- 
manent colostomy, evidence of prior abdomino- 
perineal surgery, and remnants of perianal 
inflammation and fistulous tract. 

A barium swallow examination (Fig. 5) and 
cine esophagogram (Fig. 6) showed irregular 
narrowing of the distal esophagus and multiple 
transverse and longitudinal intramural fistulous 
tracts parallel to the esophageal wall. An esopha- 
goscopy showed mucosal irregularity and a be- 
nign appearing stricture in the distal esophagus. 
There was no hiatus hernia. The remainder of 
the upper gastrointestinal tract and small bowel 
was unremarkable. The barium enema exam- 
ination through the colostomy was also within 
normal limits. 

The patient underwent resection of the 
stenotic distal esophagus. The surgical speci- 
men showed small mucosal ulcerations and an 
inflammatory mass centered around intramural 
fistulae. Other sinus tracts were also found 
which had dissected into and through the 
thickened muscle layer. The histological exam- 
ination showed transmural chronic inflamma- 
tion characterized by aggregates of lympho- 
cytes, plasma cells and also non-caseating 
granulomas. There were tremendous hyper- 
trophy of the tunica muscularis, fibrosis in the 
layers of the esophageal wall, and multiple sinus 
tracts. The histological appearance of the esoph- 
agus was similar to that of the previously re- 
sected colon and rectum which were typical for 
Crohn’s disease. 


DISCUSSION 


The involvement of the esophagus by 
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Fic. 3. Case 1. (4) An esophagogram in May, 1971, shows a longitudinal fistulous tract along the wall of the 
mid-esophagus (long arrows) and multiple transverse fistulous tracts (short arrows). No hiatus hernia is 
present. (B) A close-up of a spot film of the mid-esophagus demonstrates the longitudinal (long arrows) 
and transverse (short arrows) intramural fistulous tracts. 


Crohn’s disease is rare. Marshak! stated 
that he had not identified Crohn’s disease 
of the esophagus with his personal experi- 
ence of 8,000 cases of regional enteritis and 
4,000 of granulomatous colitis. However, 
there have been a few cases of esophageal 
involvement of Crohn’s disease in the 
literature recently.!:24—6.8 


A thickened mucosal fold in the distal 
esophagus,‘ irregular stricture of the lower 
esophagus,’ ulcer in the mid and lower 
esophagus, rigid deformity of the distal 
esophagus,‘ and a polypoid mass in the 
lower esophagus’ have been reported in pa- 
tients who had evidence of Crohn’s disease 
elsewhere. A narrowing of the distal esoph- 





Fic. 4. Case 1. There is a recurrent spontaneous 
esophago-bronchial fistula seen on an esophago- 
gram in July, 1972. 


agus with hiatus hernia in a patient who 
had ileitis is also reported.’ LiVolsi and 
Jaretzki® and Madden ef a/.!° reported 
cases of isolated esophagitis of the distal 
esophagus with hiatus hernia without 
Crohn’s disease elsewhere, but with patho- 
logical findings suggesting Crohn’s disease. 
Also ulcerative esophagitis is reported in 
patients with chronic ulcerative colitis.®!? 

The characteristic histological feature of 
Crohn’s disease is transmural chronic in- 
flammatory change with granulomas. Gran- 
ulomas are found in approximately go per 
cent of cases, but in less than 50 per cent of 
those patients who are treated with ste- 
roids.! Granulomas are not essential for 
pathological diagnosis of Crohn’s disease. 

One of our cases (Case 1) did not have 
granulomas in the autopsy specimen. The 
patient had a long history of documented 
Crohn’s disease involving the small and 
large bowel for which he had been treated 
with steroids, and he had had multiple 
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operations for various complications. The 
esophageal involvement in this patient oc- 
curred after a long-standing ileocolitis. The 
clinical and roentgenographic course of the 
esophageal involvement consisted of remis- 
sions and exacerbations of about 24 years’ 
duration until the patient expired. Initially, 
the esophagus showed irregular thick mu- 
cosal folds; subsequently a spontaneous 
esophago-bronchial fistula developed about 





Fic. 5. Case 11. There are multiple transverse (short 
arrows) and longitudinal (long arrows) intramural 
fistulous tracts in the irregular and narrowed distal 
esophagus. No hiatus hernia is present. 
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7 months later. Also, he developed multiple 
intramural fistulous tracts including a 
longitudinal fistulous tract along the eso- 
phageal wall. The presence of monilia in 
one throat culture is somewhat confusing, 
but monilia is a frequent superinfection, 
and, furthermore, spontaneous esophago- 
bronchial fistula and multiple fistulous 
tracts are not a feature of esophageal 
moniliasis. Also there was no significant 
response of the esophageal lesion to the 
vigorous treatment with an oral anti- 
fungal agent, and this is not the usual re- 
sponse of esophageal moniliasis. 

Case 11 did not have a hiatus hernia and 
showed typical histological features of 
Crohn’s disease in the surgical specimen of 
the esophagus and the rectosigmoid. 

One of the characteristic features of 
Crohn’s disease is a spontaneous fistula to 
an adjacent organ, and Case 1 had a spon- 
taneous esophago-bronchial fistula. The 
intramural fistulous tract, especially a 
longitudinal tract parallel to the wall, is 
described in both Crohn’s disease and di- 
verticulitis of the colon, but is much more 
common in Crohn’s disease."! Both of our 
cases showed rather typical intramural 
transverse and longitudinal tracts. No eso- 
phageal diverticula are seen in the esopha- 
gogram or in the pathological specimen. It 
is interesting to note that the stomach and 
the duodenum were spared by Crohn’s 
disease in both cases. 

Chronic esophagitis of the distal end of 
the esophagus would be difficult to differ- 
entiate from reflux esophagitis in the pres- 
ence of a hiatus hernia. Tuberculosis and 
chronic fungus infection may produce a 
broncho-esophageal fistula but there would 
be other evidence of tuberculosis or fungus 
infection roentgenographically, clinically 
and microscopically. Esophageal moniliasis 
may simulate an early stage of Crohn’s 
disease of the esophagus, but moniliasis is 
a diffuse esophagitis rather than a localized 
or segmental process as is Crohn’s disease. 
Furthermore, the roentgenological and 
clinical follow-up examinations will estab- 
lish the diagnosis. Intramural diverticulosis 
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Fic. 6. Case 11. A cine spot film demonstrates 
the multiple fistulous tracts. 


of the esophagus may resemble multiple 
transverse fistulous tracts, but the longi- 
tudinal fistula and the spontaneous eso- 
phago-bronchial fistula are not seen with 
intramural diverticulosis of the esoph- 
agus. 

The possibility of Crohn’s disease of 
the esophagus should be suspected when 
chronic esophagitis develops in a patient 
who has Crohn’s disease elsewhere. The 
diagnosis should be based on a combination 
of clinical, roentgenographic and patho- 
logical evidence. 


Won-Sik Cynn, M.D. 
Department of Radiology 
Graduate Hospital of 

The University of Pennsylvania 
Philadelphia, Pennsylvania 19146 
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GASTRIC SURGERY* 


By YRJO PERTTALA, M.D., PEKKA PELTOKALLIO, M.D., 
TIMO LEIVISKA, M.D., and JORMA SIPPONEN, M.D. 


HELSINKI, FINLAND 


ABSTRACT: 


Yeast bezoar seems to be a relatively common late complication after various 
gastric operations. The incidence of bezoar depends decisively on the nature of the 
operation. Vagotomy in particular is conducive to the formation of a bezoar. 
Vagotomy+ Billroth I resection provided the most propitious conditions for the 
growth of yeast, for every one-half of the patients in this group developed a bezoar. 

Yeast bezoars usually appear within a year of the operation. The majority disap- 
pear during the first follow-up year, many without any therapy. However, in some 
cases the bezoar was a rather inconvenient late complication of gastric surgery and 
one that gave symptoms. It is difficult to draw any definite conclusions concerning 
the effect of therapy on the disappearance of the bezoar. We used gastric lavage 
and antimycotics as well as substances that increase gastric acidity. There is still 
no known method of preventing the formation of yeast bezoars. In the present con- 
sensus, a change in the acid conditions and disturbed gastric motility postoperatively 
are conducive to the formation of a bezoar. 


Bess formation in the gastric rem- 
nant as a complication of surgical man- 
agement of gastric disease has been re- 
ported in recent years. The most commonly 
encountered concretions have been phyto- 
bezoars composed of the fibers of fruit and 
vegetables.*>:7:°- Yeast organisms have 
also been found to form a bezoar-like mass 
in the resected stomach. The first yeast 
bezoars were reported by Borg et al. in 
1966.3 Some mention of them has appeared 
subsequently in the literature,!!2) and the 
most comprehensive report was published 
by Jepsen in 1968.8 The fungus occurs in 
man generally as a saprophyte. Fungus in- 
fections in the mouth, esophagus, lungs, 
and even in other organs are known to oc- 
cur in patients in poor condition or suffering 
from a serious disease.®* Reduction in 
gastric motility and acid secretion after va- 
gotomy and gastric resection probably pre- 
dispose to the formation of phytobezoars 
and yeast bezoars. 


MATERIAL 
The cases were collected from patients 


* From Meilahti Hospital, University of Helsinki, Finland. 


seen from 1968-1974 at the Second Surgi- 
cal Clinic of Meilahti Hospital, University 
of Helsinki. A yeast bezoar was found in 43 
patients. The mean age of the patients was 
51; the youngest was 28 and the oldest 78 
years old. Fifteen of the patients were 
women and 28 men. 

Forty patients had undergone gastric 
surgery and the bezoar first developed after 
the operation. Most operations had been 
done for either gastric or duodenal ulcer 
(Table 1). The operative procedures are 
listed in Table 11. Vagotomy and a gastric 
operation had been performed on 30 pa- 
tients, and resection without vagotomy on 
10 patients. Three patients were not op- 
erated; their primary diseases were duode- 
nal ulcer, carcinoma of the lung, and 
diabetes. 

The primary diagnosis was based on 
roentgenologic examinations of the stom- 
ach. In 28 (65 per cent) gastroscopy was 
also performed and was consistent with the 
roentgenologic finding. The gastric aspirate 
of 35 patients (82 per cent) was studied by 
plain microscopy. Massive yeast colonies 
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TABLE Í 


OPERATIVE INDICATIONS FOR PATIENTS WHO LATER 
DEVELOPED A YEAST BEZOAR 


Operative Indication No. of Patients 





Duodenal ulcer 28 


Gastric ulcer 9 
Hemorrhagic gastritis I 
Gastric carcinoma p) 
No operation 3 

Total 43 


were detected in all the cases. 


INCIDENCE 


To elicit the incidence of yeast bezoars 
after operations of various types the au- 
thors made a prospective study of patients 
operated on during a period in 1970-1971 
for the occurrence of bezoars. A total of 21 
(II per cent) yeast bezoars was detected in 
the composite of 189 patients undergoing 
gastric surgery. The group that consisted 
of miscellaneous gastric operations (gas- 
trotomy, fundoplication, etc.) revealed no 
(o/g) yeast bezoars and the gastrography- 
duodenography group only 1 (1/35). 

Yeast bezoar developed most commonly 
in the cases that had undergone vagotomy 
(Table 111). Fifty per cent (10/20) of the 
patients undergoing vagotomy and Billroth 
I gastric resection had yeast bezoar, where- 
as none was observed in the vagotomy and 


TABLE II 


NATURE OF THE OPERATION ON PATIENTS 
WHO LATER DEVELOPED A YEAST BEZOAR 


Nature of Operation No. of Patients 





Vagotomy+ Billroth I 2 
Vagotomy+ Billroth I] 
Vagotomy+pyloroplasty 

Vagotomy-+ gastroenterostomy 

Billroth I resection 

Billroth II resection 

No operation 
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Total 
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pyloroplasty group (0/30). Of the patients 
subjected to gastric resection without va- 
gotomy, Io per cent had yeast bezoars. 


CLINICAL PICTURE 


Twenty-four of the patients with a yeast 
bezoar displayed significant symptoms and 
11, mild symptoms. Six patients were com- 
pletely asymptomatic. The most common 
complaints were abdominal pain, vomiting, 
and a feeling of fullness (Table 1v). It is of 
course important in considering the symp- 
toms to remember that the patients were 
operated cases, which makes it impossible 
to decide with certainty which of the com- 
plaints were postoperative and which 
caused by the yeast bezoars. 

The disease picture was characterized in 
some cases by periodicity, probably at- 
tributable to the variation in the size of the 
bezoar. The patients reported epigastric 
fullness especially when eating a meal. The 
large bezoar mass may break up in the 
process of vomiting and the patients may 
then be able to eject all or a part of the 
mass. A gastric lavage tube also easily 
breaks up the relatively fragile phyto- 
bezoar mass which may then pass into the 
intestine. Reduction in the size of the 
bezoar is often followed by an asympto- 
matic period until the colonies of fungi 
again grow to a disturbing size. 

In addition to direct microscopy, each 
gastric aspirate was also cultivated for 
fungi. The most common species of fungi in 
the material were Candida albicans and 
Torylopsis glabrata. Beside these, 8 species 
of fungi were discovered: Candida tropicalis, 
Candida krusei, Geotrichum candidum, Sac- 
charomyces cerevisiae, Saccharomyces tel- 
luris, Kluyveromyces Frailla, Aspergillus 
Poets. and the Cephalosporium species. 
Four different fungi were encountered in 
the course of 4 years in the stomach of 1 
patient. 


ROENTGENOLOGIC STUDIES 


With a few exceptions, the presence of a 
yeast bezoar was established at the first 
postoperative roentgenologic examination 
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TABLE III 


INCIDENCE OF YEAST BEZOARS IN CONNECTION WITH OPERATIONS OF DIFFERENT TYPES 


Nature of Operation 


Operations combined with Vagotomy 
Vagotomy-+pyloroplasty 
Vagotomy+ Billroth I resection 
Vagotomy+ Billroth II resection 
Vagotomy-+gastroenterostomy 

Total 

Resections without Vagotomy 
Billroth I resection 
Billroth II resection 
Resection+ Roux-Y 

Total 


which was made an average of 6 months 
after the operation. 

Twenty-five (63 per cent) of the bezoars 
were detected within 1 year of the opera- 
tion, 9 between I and 3 years, and 6 more 
than 3 years postoperatively. The latest 
bezoar was found 27 years after a Billroth 
II resection. 

The bezoar was diagnosed in 17 cases 
after a single roentgenologic examination; 
the number of positive examinations ranged 
from 2 to g in the other cases. Roentgeno- 
logic examinations positive for the presence 
of a bezoar averaged 2.7 per patient. It was 
possible to evaluate bezoar-induced roent- 
genologic changes in 107 gastric examina- 
tions. 

Thirty-seven patients were followed roent- 
genologically for an average of 22 months 
(range 6 to 48 months). Six patients were 
not followed at all. The bezoar disappeared 
in 28 cases during the follow-up and was 
still visible at its end in 9 cases. Eighteen 
bezoars disappeared during the first follow- 
up year and there were only 3 cases in 
which recovery occurred after 2 years 
(Table v). The patients whose bezoar did 
not disappear were followed-up for 22 
months on average (range 6 to 48 months). 

The material included 5 recurring yeast 
bezoars; 1 of the cases had several recidiva- 
tions despite treatment for 4 years. The 
average duration of the recurrences was 2 
years. 


No. of Operations 


Incidence of Bezoars 


39 = 


20 I0 
9 3 
) —— 
61 13-21 per cent 
3° 4 
39 3 
I —— 
70 7-10 per cent 


A typical roentgenologic appearance was 
a large, mottled filling defect which moved 
with a change in the patient’s position 
(Fig. 5). In the erect roentgenogram the 
bezoar floated in the barium fluid, and the 
upper part of the bezoar projected from the 
contrast medium into the air bubble of the 
fundus (Fig. 1). With the patient supine 
the bezoar moved into the fundus and the 
roentgenogram showed that its upper sur- 
face adjoined the contour of the fundus 
(Fig. 2). The upper surface of the bezoar 
was distinctly curved in go per cent of the 
cases. There was not a single case of bezoar 
adherent to the wall, for contrast medium 
surrounded the bezoar completely. The 
yeast bezoars were generally large, an aver- 
age of 7 cm. in diameter. Several large 
bezoars enlarged the gastric remnant giving 
it a balloon-like appearance (Fig. 34). 


TABLE IV 


SUBJECTIVE COMPLAINTS OF 
PATIENTS WITH A BEZOAR 


Symptoms No. of Patients 
Abdominal pain 13 
Vomiting IO 
Diarrhea 4 
Feeling of fullness, eructations 

or flatulence II 


No symptoms 


Total 43 
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Fic. 1. A large yeast bezoar floating in contrast me- 
dium in the gastric remnant after a Billroth I re- 
section. The upper curved surface of the bezoar is 
seen in the fundal air bubble (arrows). Emptying 
of the stomach is unobstructed. 


There were some cases in which the bezoar 
filled the gastric remnant almost in its en- 
tirety and contrast medium was able to 
pass like a covering between the bezoar and 
the wall of the gastric remnant. 

Numerous separate filling defects were 
seen in all the non-resected cases (3 unop- 
erated patients, I patient who had pyloro- 
plasty and 1 subjected to gastroenteros- 
tomy) and the roentgenologic appearance 
was consistent with food recently ingested 
(Fig. 44). Gastroscopy and direct micros- 


TABLE V 


DISAPPEARANCE OF YEAST BEZOARS 


No. of Cases 


Follow-up in Months 








ite) Under 6 months 
8 6-12 months 
7 12-24 months 
3 Over 24 months 
28 
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copy confirmed the presence of gastric 
bezoars (Fig. 48). About a third of the pa- 
tients with gastric resection had smaller 
separate fungus colonies around a solid 
bezoar in addition to a separate large 
bezoar. The contrast medium adhered 
readily to the mucus covering the uneven 
surface of the bezoar and the roentgeno- 
gram showed a fungoid formation (Fig. 
3B). The gastric remnant generally emptied 
well and no real retention was seen. How- 
ever, emptying of the stomach was some- 
what delayed in some of the recently op- 
erated cases. 

The lavage tube or gastroscope broke up 
the bezoar easily, resulting in a rapid 
change in the roentgenologic appearance. 
Vomiting of the fungus mass sometimes 
made the roentgenologic finding quickly 
negative. 

In 1 case the bezoar was seen on the plain 
roentgenogram as a mass with translucent 
areas caused by air bubbles (Fig. 6). 


TREATMENT 


In the early vears, when the authors were 
not familiar with the nature of yeast be- 
zoar, Billroth II recoystruction was per- 
formed because of the steady growth of the 
bezoar, and operative evacuation of the 





es. a 

Fic. 2. The supine roentgenogram shows the bezoar 
adjoining the gastric fundus. Contrast medium 
envelops the entire bezoar showing that it is not 
fixed to the stomach wall. 
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Fic. 3. (4) Supine roentgenogram. The solid bezoar which fills the entire gastric remnant causes an irregv lar, 
mottled filling defect. (B) Same patient an hour later. The bezoar now resembles a sponge with some cor - 
trast medium sticking to the surface. 


bezoar was undertaken in I case. 

Conservative therapy usually consisted 
of gastric lavage and antimycotics (Ny- 
stacid®, Stereomycin®). Agents increasing 
gastric acidity, such as Pepsacid®, lemon, 
and red wine, were given as nonspecific 
therapy. Some of the patients received no 
treatment at all. Disappearance of the 
bezoar in the different operative groups 1s 
noted in Table v1. 


DISCUSSION 


Seventy-five per cent of the 40 postopera- 
tive yeast bezoars in this series originated 
after an operation combined with vagot- 
omy, and only 25 per cent formed after 
gastric resection alone. 

The predisposing conditions for the for- 
mation of fungus masses appear to be 
created by vagotomy combined with a 
Billroth I procedure. The incidence of yeast 


bezoars in our series after this type of sur- 
gery was $0 per cent. 

The change in conditions caused by gas- 
tric resection and especially by vagotomy 
is evidently the reason for bezoar forma- 
tion. The most important factors mentioned 
in the literature are the change in both 
gastric motility and acid secretion and the 
relative stenosis caused by the operation. 
The growth of yeast organisms has been 
found to correlate with resection-induced 
achylia.® 

Other factors that favor the growth of 
fungi are prolonged antibiotic therapy, in- 
fection, diabetes, and chronic renal and 
hepatic disease.” Our series included 3 pri- 
mary bezoars, that is, unoperated patients, 
1 of whom had diabetes and the other carci- 
noma of the lung. Eighteen (45 per cent) 
of the patients with bezoars were given a 
short course of tetracycline postoperatively. 
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Fic. 4. Pyloroplasty and vagotomy have been performed. (4) The stomach contains several separate yeast 
bezoars. The roentgen appearance is consistent with that of recently ingested food. The stomach emptied 
freely, however. Gastroscopy and direct microscopy confirmed the diagnosis of yeast bezoar. (B) Gastro- 
camera picture of the same case shows a nodular bezoar mass of gray color (arrows). 


However, this was evidently not of signifi- 
cance for the formation of the yeast bezoars, 
as the quantities of antibiotics received by 
operated patients with and without bezoar 
did not differ essentially. 

Bezoar was very often an incidental find- 
ing at routine postoperative roentgenog- 
raphy which was usually made relatively 
soon after the operation. Sixty-two and one- 
half per cent of the bezoars in our series 
were detected within a year of surgery, but 
the latest was not seen until 27 years after 
resection. Yeast bezoars tend to recur de- 
spite therapy. It is not possible to be cer- 
tain on the basis of the study how soon 
after the surgical procedure the bezoar 
forms in the resected stomach, for the post- 
operative roentgenologic control was sched- 
uled in advance, usually for 3-6 months 
after surgery. 

Roentgenologic examination proved to 


be a reliable method for diagnosing bezoars 
since the finding was without exception 
consistent with gastroscopy and micro- 
scopic studies. 

In the differential diagnosis of yeast be- 
zoars, conditions to be considered in addi- 
tion to a tumor are retention of food, re- 
cently ingested food, jejunogastric intus- 
susception, defects caused by sutures! and, 
of course, trichobezoars and phytobezoars. 
Differential diagnosis of a tumor is easy as 
the bezoar is generally not adherent to the 
stomach wall. Multiple bezoars can be 
readily interpreted as food in the stomach 
if the possibility of yeast bezoar is not 
borne in mind. A delayed roentgenogram 
which shows that the stomach empties 
freely but the bezoar masses remain, often 
enveloped in the contrast medium, is im- 
portant for roentgenologic diagnosis.’ 

A repeat swallow of barium will show the 


~A 


VoL. 125, No. 2 


Yeast Bezoar Formation Following Gastric Surgery 


371 





Fic. 5. (4) The horizontal fluid surface in the gastric remnant covers the curved upper surface of the bezoar. 
(B) Supine roentgenogram of the same patient shows the curved lower surface of the bezoar (arrows). 


filling defects previously visualized if there 
are bezoars. If the diagnosis of retention is 
uncertain, gastric lavage is indicated. The 
filling defects seen at the subsequent re- 
examination will confirm the diagnosis of 
bezoar. In an erect roentgenogram simple 
retention shows a horizontal fluid level, 
while the upper surface of a solid bezoar is 
curved. A large bezoar may occasionally 
obstruct emptying of the stomach with a 
ball valve mechanism." 


Definite symptoms were seen in 24 pa- 
tions (57 per cent). Every fourth patient 
had occasional vomiting. It was impossible 
to be certain which of the complaints were 
postoperative and which were caused by 
the bezoar. It is worthy of note that neither 
ulcer nor hemorrhage occurred in connec- 
tion with postoperative yeast bezoars, as 
they often do in association with tricho- 
bezoars and phytobezoars in a non-operated 
stomach. The most common fungus species 


TABLE VI 


OUTCOME OF TREATMENT OF THE YEAST BEZOAR AFTER DIFFERENT GASTRIC OPERATIONS 


Nature of Operation 


Vagotomy+ Billroth I 2 
Vagotomy+ Billroth II 

Vagotomy+pyloroplasty 
Vagotomy-+gastroenterostomy 

Billroth I resection 

Billroth II resection 


NF = HOR 





Total 40 
Not operated 3 


Total 4 


Q 


No. of Bezoars 


Therapeutic Result 





Di d Did not Was not 
i EE Disappear Followed 

12 6 3 

3 2 I 

I — — 

3 oo — 

4 I I 

as 9 6 
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Fic. 6. Bezoar in which there are translucencies 
caused by air bubbles. Some biliary contrast me- 
dium swallowed the day before is on the bezoar 
surface, 


were Candida albicans and Torylopsis gla- 
brata, as they were in the bezoar material 
reported by Borg et al. and Jepsen.’ 

The patients were given antimycotics 
perorally as well as substances that in- 
creased gastric acidity. Gastric lavage was 
also used as a therapeutic procedure. The 
importance of these methods is difficult to 
evaluate as some of the bezoars disappear 
without any treatment. According to Ahn- 
lund and his co-authors,! gastric lavage re- 
moves the fungus for some time, but there 
is a recurrence after a few months. 

In the early years when we were un- 
familiar with the character of yeast bezoars, 
we changed the Billroth I resection to Bill- 
roth II as the therapeutic measure in 2 
cases; the fungus mass was removed opera- 
tively in 1 case. The prognosis for yeast 
bezoar is generally good; 65 per cent of 
them disappear during the first follow-up 
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year. On the other hand, the bezoar in g 
patients failed to disappear during observa- 
tion for more than 2 years. Furthermore, 
some patients, in spite of therapy for sev- 
eral years, had a recurrent bezoar which 
gave manifest symptoms. 

In several studies only phytobezoars de- 
riving from food with a fibrous content 
have been reported as complications follow- 
ing gastric resection, while in others only 
yeast bezoars have been detected. There is 
a considerable discrepancy between the re- 
sults, as neither diet nor antibiotic therapy 
accounts for the differences. Nine per cent 
of the ulcer patients operated on in the ma- 
terial of Goldstein et a/.7 had a postopera- 
tive phytobezoar, and the incidence rose to 
14 per cent in the vagotomy+resection 
group. In our series a yeast bezoar was en- 
countered in II per cent of the operated 
cases and in $0 per cent of the vagotomy 
+resection group. It is impossible to dis- 
tinguish between phytobezoars and yeast 
bezoars roentgenologically. In our experi- 
ence phytobezoars that form in an unop- 
erated stomach are compact and difficult to 
break up, whereas yeast bezoars disinte- 
grate easily. In contrast, in the opinion of 
Goldstein e¢ al. a phytobezoar may occur 
either in friable or compact form, depend- 
ing on its age. 


Yrjö Perttala, M.D. 
Meilahti Hospital 
University of Helsinki 
Helsinki 

Finland 
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GALLSTONE ILEUS* 


THE IMPORTANCE OF CONTRAST EXAMINATIONS 
IN THE ROENTGENOGRAPHIC DIAGNOSIS 


By EMIL J. BALTHAZAR, M.D., and LAWRENCE S. SCHECHTER, M.D. 


NEW YORK AND QUEENS, NEW YORK 


ABSTRACT: 


Our experience based on the analysis of 12 proved cases of gallstone ileus is pre- 
sented emphasizing the fact that the plain abdominal roentgenogram may be in- 
conclusive or deceiving. It allowed us to suggest the correct diagnosis in only 4 cases. 
A high index of suspicion, particularly in elderly female patients, followed by barium 
examination of the upper gastrointestinal tract leads to a correct and rapid diag- 
nosis. The demonstration of a diverticulum-like structure or a fistulous tract ad- 
jacent to the first portion of the duodenum associated with jejunal dilatation and 


barium dilution is highly reliable. 


Tas diagnosis of gallstone ileus can be 
made preoperatively, with a high de- 
gree of accuracy, only by roentgenographic 
examination. For over 30 years" it has been 
well accepted that the presence of a triad 
of roentgenographic findings on the scout 
abdominal film is virtually pathogno- 
monic.” This triad consists of air in the 
biliary tree, ectopically located gallstones, 
and a small bowel obstruction pattern. 
These observations, when present, allow 
for a rapid and reliable diagnosis leading to 
adequate treatment and an improved prog- 
nosis. 

In the last few years, however, we have 
been impressed by a number of cases pre- 
senting with nonspecific or negative plain 
film abdominal examinations. In many of 
these cases the preoperative diagnosis was 
missed or made only subsequent to a con- 
trast medium examination. 

This report describes our personal ex- 
perience on this subject, underlines the pit- 
falls in the roentgenological diagnosis, and 
stresses the need for contrast medium ex- 
aminations in establishing a correct diag- 
nosis. 


MATERIAL 


Our evaluation is based upon an analysis 


of 12 patients with proved gallstone ob- 
struction. 

Abdominal distention and diffuse ab- 
dominal pain of recent onset (2-3 days) 
accompanied by nausea and vomiting were 
the presenting symptoms in our group of 
patients. In 1 case the dominant symptom 
was hematemesis. The white blood cell 
count values varied between normal and 
as high as 30,000/mm.*. The serum amylase 
level was occasionally elevated and reached 
2,000 Somogyi units in I case. There were 
8 females and 4 males in our series. The 
average age was 74 years, all patients being 
over 60. 


RESULTS 
PLAIN ABDOMINAL FILM 


Supine and upright abdominal films were 
obtained in all cases, many times with re- 
peat examinations in the days following the 
admission to the hospital. 

Air in the biliary tree was visualized in 
§ patients (Fig. 1). In 1 case this finding 
was initially missed, being recognized only 
in retrospect. 

A faintly calcified and ectopically located 
gallstone was visualized in only 3 cases. 
These were located in the pelvis or mid- 
abdomen and were partially obscured by 


*From the Departments of Radiology, New York Medical College-Metropolitan Hospital Center, New York City, and Booth 


Memorial Hospital, Queens, New York. 
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bone structures (Fig. 24). 

The small bowel pattern was considered 
compatible with intestinal obstruction in 6 
cases. It consisted of dilated small bowel 
loops, air fluid levels on the upright film, 
and variable amounts of air within the 
colon. It was difficult at times to differenti- 
ate this pattern from that of a paralytic 
ileus; follow-up examinations and barium 
studies were requested for this reason. The 
remaining 6 cases were unremarkable, dem- 
onstrating only mild degrees of nonspecific 
ileus. Retrospectively, we questioned the 
presence of ill-defined areas of haziness 
over the midabdomen suggestive of fluid 
filled small bowel loops in 3 of these cases 
(Fig. 34). This finding was debatable, how- 
ever, and was not appreciated at the time 
of the examination. 

In 4 cases combinations of specific roent- 
gen-ray findings were demonstrated on the 
plain abdominal film. In only 1 patient, 
however, was the roentgenologic triad pre- 
viously described present. 

On the basis of the plain abdominal ex- 





Fic. 1. Case 1. An 83 year old male. Upright abdom- 
inal film shows air within the biliary tree, dis- 
tended air filled small bowel loops, and air fluid 
levels. At operation a large non-calcified calculus 
was found obstructing a jejunal loop. 


Gallstone Ileus 
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Fic. 2. Case 1. A 74 year old female. (4) Supine 
scout film. Oval 4 cm. long calcified gallstone is 
visualized in the right lower quadrant (arrows). 
(B) Barium enema examination with reflux into 
terminal ileum. The obstructing calculus is present 
in the terminal ileum (arrows). Diverticulosis of 
the sigmoid colon is demonstrated (single arrow). 
At operation the gallstone was found obstructing 
the sigmoid colon. Note, in addition, absence of air 
in the biliary system. 


amination, the preoperative diagnosis of 
gallstone ileus was suggested in 4 cases and 
was missed in the remaining 8 patients. 


CONTRAST MEDIUM EXAMINATIONS 


These were, in our series, the most re- 
warding investigations performed. They 
were obtained to reinforce a suggested diag- 
nosis of gallstone ileus or to evaluate the 
nature and location of clinically or roent- 
genologically suspected small bowel ob- 
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Fic. 3. Case 111. A 64 year old female. (4) Su- 
pine plain abdominal film. Non-specific ileus 
and questionable fluid filled small bowel loop 
in the midabdomen. There is no air in the 
biliary system and no calcified gallstone. 
(B) Upper gastrointestinal examination 4 
hour film. Diverticulum like structure seen 
adjacent to duodenum (upper arrow). Note 
significant small bowel dilatation and dilu- 
tion of barium. Large obstructing calculus is 
visualized in the jejunum (lower arrows). 
(C) Spot film of duodenal bulb demonstrat- 
ing the outpouching representing barium 
filled gallbladder (arrows). There was no air 
in the biliary radicles. 
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struction. When examined retrospectively, 
all 7 upper gastrointestinal examinations 
performed had definite findings permitting 
a positive diagnosis. Four cases demon- 
strated the barium filled gallbladder as a 
diverticulum-like structure adjacent to and 
filling from the first duodenal segment 
(Fig. 3, B and C; and 4). In 1 case a tubular 
structure representing a cholecystoduode- 
nal fistulous tract was visualized (Fig. 5) 
while in the remaining 2 cases the entire 
extrahepatic biliary tree filled with barium. 
These findings were, unfortunately, twice 
misinterpreted as giant duodenal ulcers or 
localized duodenal perforations. In addi- 
tion, small bowel obstruction manifested 
by significant dilatation and dilution of 
barium in the intestine was present in all 
the cases examined. In 2 cases delayed films 
were obtained and the obstructing calculus 
was visualized (Fig. 32). Reflux into the 
terminal ileum during barium enema ex- 
amination demonstrated the obstructing 
gallstone in 1 case (Fig. 2B). Oral and 
intravenous cholangiographic examinations 
of the biliary tract were performed in sev- 
eral of our cases and consistently showed 
non-opacification of the gallbladder. Visu- 
alization of the fistulous tract was never 
accomplished. 


r 


K 


Fic. 4. Case 1v. A 77 year old male. Upper gastroin- 
testinal examination, right anterior oblique film. 
Note the diverticulum like structure filling from 
the first duodenal segment (arrows). There is no 
barium nor air within the biliary system. 


Gallstone Ileus 
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Fic. 5. Case v. An 84 year old female. Upper gastro- 
intestinal examination, supine film. There is a 
fistulous tract in the right upper quadrant adjacent 
to the first portion of duodenum (arrow). Note 
dilatation of the proximal jejunal loops. 


All cases were proved at surgery. In 4 
cases the diagnosis was not suspected and 
was made only in the operating room. Six 
patients had the obstructing calculus lo- 
cated in the proximal jejunal loops, while 
In § it was found in the terminal ileum. In 
I patient (Fig. 22) a large gallstone was 
visualized initially in the terminal ileum; 
however, at surgery it was found in the 
sigmoid colon within an area of narrowing 
produced by diverticulosis. 


DISCUSSION 


Delay in the diagnosis and treatment of 
gallstone ileus may lead to serious compli- 
cations, such as electrolyte imbalance, 
ischemic lesions, ulcerations of the small 
bowel, abscess formation, and occasionally 
free perforation and peritonitis. Mortality 
rates as high as 30-50 per cent have been 
reported™®! and have been directly corre- 
lated with significant delay in diagnosis. 

The plain abdominal film can be very 
helpful whenever the specific roentgeno- 
graphic findings previously described are 
present. In our experience, however, a sig- 
nificant number of patients present with 
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non-specific and non-diagnostic abdominal 
roentgenograms. These allowed us to sug- 
gest the correct diagnosis in only one-third 
of our patients. 

While the plain abdominal film was, in 
our hands, unreliable or at best unpredict- 
able, we found contrast medium exami- 
nations safe and highly reliable methods 
of investigation. In 1961, Kirkland and 
Croce,!° reviewing the literature, reported 
a 35 per cent rate of success in the diagnosis 
of gallstone ileus using scout abdominal 
films; at the same time they predicted that 
an accuracy rate of 80-90 per cent would 
result by using contrast medium examina- 
tions. This fact has not been sufficiently 
stressed in the literature; contrast medium 
examinations are often not performed, and 
the roentgenographic findings associated 
with these examinations are frequently 
misinterpreted. Familiarization with the 
roentgenographic findings of contrast me- 
dium examinations will significantly im- 
prove the diagnostic accuracy in gallstone 
obstruction. 

On the upper gastrointestinal examina- 
tion a localized, well contained collection 
of barium visualized laterally, adjacent to 
the first duodenal segment (Fig. 3, B and 
C; and 4), should not be confused with a 
penetrating ulcer since there should be no 
deformity or spasticity of the duodenum. 
Furthermore, the examination of the small 
bowel consistently shows dilatation and 
significant dilution of the barium column 
known to occur with gallstone obstruc- 
tions.» The demonstration of this associa- 
tion of roentgenographic findings is highly 
reliable and should lead to the correct diag- 
nosis. When there is doubt, follow through 
small bowel examination will demonstrate 
the offending calculus as a large, smooth, 
intraluminal filling defect (Fig. 38). 

Contrast medium examinations should 
be performed without delay in cases clini- 
cally suspected of small bowel obstruction 
even when the plain abdominal film is con- 
sidered unremarkable. This is particularly 
true in elderly females who are prone to 
develop gallstone obstructions more fre- 
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quently. It has been previously shown that 
80-90 per cent of the patients with gall- 
stone ileus are women® and about 75 per 
cent are patients over 60 years old.‘ In a 
survey of 179 cases of small bowel obstruc- 
tion in the elderly, Brockis and Gilbert? re- 
ported the incidence of gallstone obstruc- 
tion as being Io per cent at ages 50-60, 
14.5 per cent at ages 60-70, and 24 per cent 
at ages over 70. The general incidence of 
intestinal obstruction due to gallstone 
varies in different series from o.4-5 per 
cent” 

With a high index of suspicion and ap- 
propriate use of contrast medium examina- 
tions, particularly in elderly patients, the 
diagnosis of gallstone obstruction can be 
made without delay and serious complica- 
tions can be avoided. 


CONCLUSIONS 


1. The plain abdominal film in cases of 
gallstone obstruction may be inconclusive 
and misleading. 

2. Contrast examinations should be per- 
formed without delay in elderly patients, 
particularly females, suspected of small 
bowel obstruction even when the scout ab- 
dominal film is unremarkable. 

3. The demonstration of a diverticulum- 
like structure or a fistulous tract adjacent 
to the first duodenal segment associated 
with intestinal obstruction on the delayed 
films leads to a rapid and correct diagnosis. 


Emil J. Balthazar, M.D. 
Department of Radiology 
Metropolitan Hospital Center 
1901 First Avenue 

New York, New York 10029 


The authors are grateful to Dr. Richard 
Claps, Department of Radiology, Greater 
Paterson General Hospital, Wayne, New 
Jersey, for permission to use Case 1 in this 
series. 
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MEDIASTINAL NEUROBLASTOMA 
AND GANGLIONEUROMA* 


THE DIFFERENTIATION BETWEEN PRIMARY AND SECONDARY 
INVOLVEMENT ON THE CHEST ROENTGENOGRAM 


By J. BAR-ZIV, M.D., and M. B. NOGRADY, M.D. 


MONTREAL, QUEBEC 


ABSTRACT: 


The roentgenologic diagnosis and differentiation of mediastinal neurogenic tumors 
are possible on the chest roentgenogram as a rule. The soft tissue mass may be ill- 
defined and the tumor “‘ghost-like” in the case of primary neuroblastoma, but it is 
usually obvious in ganglioneuroma and metastatic disease. The presence of calcifica- 
tions differentiates neurogenic tumors from other posterior mediastinal tumors of 
childhood. They are common in primary and rare in secondary disease. Rib erosions 
and displacement are striking in neuroblastoma (after a few months of age), more 
subtle in ganglioneuroma, and absent with secondary involvement. In 3 out of 7 
posterior mediastinal neuroblastomas the diagnosis and treatment were delayed, 
as the adjacent rib changes were not appreciated for some time. “Dumbbell”? shaped 
tumors are usually associated with vertebral changes and myelography is indicated 
even in the absence of neurologic deficit. Thoracic deformity and disability subse- 


quent to laminectomy, radiation therapy, or both, are present in all survivors. 


HE roentgenologic recognition of the 

tumorous nature of a primary posterior 
mediastinal neuroblastoma may be dift- 
cult since the neoplasm may present as an 
ill-defined “‘ghost’’ mass simulating the 
roentgen appearance of a pleural pulmo- 
nary process." Institution of adequate 
treatment is therefore occasionally delay- 
ed, 

Intrathoracic neurogenic tumors are 
known to be common in the young.® 810.12 
The importance of early diagnosis and the 
benign nature of the mediastinal neuro- 
blastomas versus the primary abdominal 
ones have also been stressed.? 10.14.15 

We reviewed the clinical and roentgeno- 
logic documentation of patients diagnosed 
with neuroblastoma, ganglioneuroblastoma 
and ganglioneuroma seen at our institution 
in the last 10 years. Our aim was to detect 
the salient roentgenologic features which 
permit the improvement of the diagnostic 
accuracy on the chest roentgenogram. The 
study was prompted by a recently en- 


countered case of a posterior mediastinal 
mass in a child with left lower lobe pneu- 
monia in whom the tumor simulated right 
upper lobe collapse. In 3 out of 7 posterior 
mediastinal neuroblastomas the diagnosis 
and treatment were delayed, since the 
adjacent rib changes were not appreciated 
for some time (Cases II, III, IV). 


MATERIAL AND METHOD 


The available roentgenologic and clinical 
documentations in patients with the diag- 
noses of neuroblastoma, ganglioneuroblas- 
toma, and ganglioneuroma were reviewed. 
The iy comprises patient material seen 
from 1963 to 1973 included in the hospital 
tumor registry and our departmental cod- 
ing. 

A total of 44 patients had acceptable 
documentation in the last 10 years. Table 
1 indicates the distribution of tumors by 
histologic diagnosis, age of the patient, and 
the number of deceased children, disregard- 
ing the location of the neoplasm. 


* Presented at the 17th Annual Meeting of the Society for Pediatric Radiology, San Francisco, California, September 23, 1974. 
From the Department of Diagnostic Radiology, The Montreal Children’s Hospital and McGill University, Montreal, Quebec, Canada. 
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TABLE I 
DISTRIBUTION OF NEUROBLASTOMAS, GANGLIONEUROBLASTOMAS 
AND GANGLIONEUROMAS FROM 1963 TO 1973 
Age (yr.) Total Neuroblastoma Ganglioneuroblastoma | Ganglioneuroma 
oI 13 13 (4) 
I-2 II 10 (6) fp I 
2-3 4 3 (3) I 
ah IO 8 (8) I I 
T 6 4 (4) 2 


44 (25 deceased) 





Twenty-three of 44 patients had medi- 
astinal involvement. The distribution of 
these tumors is shown in Table 11. There 
were 18 mediastinal neuroblastomas (6 
primary, 12 secondary), 1 ganglioneuro- 
blastoma, and 4 ganglioneuromas. 


REPORT OF CASES 


Case 1. C.A. No. 363226, a 10 year old Cau- 
casian boy, presented with clinical and roent- 
genologic evidence of left lower lobe pneumonia. 
In addition, a right upper lobe density with a 
well-defined inferior border was considered 
right upper lobe collapse secondary to pneu- 
monia (not illustrated). 

Follow-up examination 2 weeks later showed 
resolution of the left lower lobe pneumonia and 
persistence of the right upper lobe abnormality. 
Rib erosions and broadening of the 4th to 7th 
ribs were recognized adjacent to the soft tissue 
density (Fig. 14). 

On a somewhat lordotic roentgenogram, the 
rib erosions and separations were more obvious 
(Fig. 1B). The ill-defined density was localized 


posteriorly (Fig. 1C), and indented the posterior 
surface of the esophagus (Fig. 24). There were 
erosions of the vertebral pedicles and widening 
of the intervertebral foramina at T-3 to T-7 on 
the right (not illustrated). In spite of the ab- 
sence of neurologic signs and symptoms, a 
myelogram demonstrated a complete block at 
the level of T-7, caused by a right-sided extra- 
dural mass (Fig. 28). 

The skeletal survey was normal. Vanillyl- 
mandelic acid tests were negative on 2 occa- 
sions. Laminectomy and subsequent thoracot- 
omy were performed and the “dumbbell” 
shaped tumor was removed. The intraspinal 
portion measured 3X2Xo.5 cm. The intra- 
thoracic extrapleural mass, which was infiltrat- 
ing the posterior chest wall, measured 13X8X 
3.5 cm. after removal. The histologic diagnosis 
was matured ganglioneurofibroma from a pre- 
existent neuroblastoma. Deforming kyphosco- 
liosis developed 6 months following surgery. 
This deformity was due to the surgical inter- 
vention alone (Fig. 2C). 


Case it. P.S. No. 421432, a 9 month old 


TABLE II 


DISTRIBUTION OF MEDIASTINAL INVOLVEMENT BY THE TUMORS 








Neuroblastoma 


Total No. of 
Patients 


Primary 
23 6 (2) | 


—__ 
— ——__—__. 


Secondary 





Ganglio- 


Ganglioneuroblastoma 
neuroma 


yo"'(317) I 4 





* The only survivor of this group was 9 days old when diagnosed. 


Numbers in brackets refer to death. 
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Fic. 1. Case 1. (4) Soft tissue density simulating right upper lobe collapse. There are posterior rib deformities. 
(B) On different projection the rib erosions and separations are more obvious. (C) The ill-defined density 


is superimposed on the thoracic spine. 


Caucasian boy, had been treated at another 
hospital for “pneumonia” of 1 month’s dura- 
tion. A chest roentgenogram sent with the pa- 
tient showed an ill-defined perihilar density on 
the right. Rib erosion and separation involved 
the sth and 6th ribs posteriorly (Fig. 34). 

On initial physical examination the child was 
thought to be normal, but subsequently it be- 
came obvious that within the last few days he 
had lost the ability to stand up. Bone marrow 
examination and 2 vanillylmandelic acid assays 
were normal. A myelogram showed an almost 
complete block at T-6, and, after myelography, 
the child developed paraplegia and urinary re- 
tention. An emergency laminectomy was done. 
The intraspinal component of the tumor was 
partially removed and proved to be a neuro- 
blastoma. 


The intrathoracic component of the mass was 
treated with radiation therapy (tumor dose 
4,150 r in 36 days), and the mediastinal tumor 
subsequently disappeared. 

Recurrence was suspected and within I year 
of the initial radiation therapy, high-voltage 
radiation was delivered to the right lung on 2 
separate occasions (3,700 r, time not stated, 
and 1,500 r in 26 days). Chemotherapy was 
also given. 

Radiation pneumonitis, cor pulmonale, and 
congestive heart failure developed and the pa- 
tient was digitalized. There was transient cor- 
tical blindness which was thought to be the re- 
sult of respiratory and cardiac arrests. Bone 
marrow examination and vanillylmandelic acid 
assay were negative in the postoperative epi- 
sode. 
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Fic. 2. Case 1. (4) Mild posterior indentation of the esophagus by the ill-defined mass. 
(B) There is a complete block at T-7. (C) Postoperative changes. 


In the 3 years subsequent to the initial treat- currence, but digoxin therapy is being con- 
ment, the child had 14 hospital admissions and tinued, and the child suffers from severe chronic 
had severe complications, most of which were respiratory disease. There are right fibrothorax, 
considered to be iatrogenic. At the age of 4 mediastinal displacement, and kyphoscoliosis 
years there is no evidence of metastasis or re- (Fig. 38). 
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(4) A soft tissue mass and rib 
changes. (B) Note the thoracic deformity and 
chronic lung changes at 4 years of age. 


Fic. 3. Case 11. 


Case 11. K.M. No. 387961, a 4 year old 
Eskimo girl, was referred from another hospital 
for bone marrow biopsy. She had a history of 
vomiting and vague abdominal pain of 5 days’ 
duration. On physical examination, non-tender 
cervical and left axillary lymphadenopathy was 
found. There was normochromic anemia (hemo- 
globin 7 grams per cent), and atypical leuko- 
cytes were found in the peripheral blood smear. 
The tuberculin test was positive, but she had 
had a BCG vaccination 1 year earlier. The chest 
roentgenogram was suggestive of primary pul- 
monary tuberculosis since a large left hilar mass 
was demonstrated. 

On admission she was pale with hemoglobin 
of 5 grams per cent. The chest roentgenogram 
revealed an obvious left paravertebral mass 
containing calcifications, and there were sepa- 
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ration and erosion of the ribs. The proximal ends 
of the humeri showed bony metastases (Fig. 4). 
The rib changes were not appreciated in the 
other hospital. Skeletal survey demonstrated 
disseminated bone involvement. Urography 
was normal. Both the bone marrow and lymph 
node biopsy showed neuroblastoma. 

The patient was treated with chemotherapy 
and radiation therapy. The mediastinal tumor 
decreased in size but the patient expired 4 
months later. 


Case tv. D.A. No. 404188, a 4 year old 
Caucasian girl, presented with left-sided chest 
pain, shortness of breath, and pallor, having 
been bumped by a cow 3 days prior to admis- 
sion. Three months earlier she had fallen off a 
diving board and had suffered a brain con- 
cussion. 

There was clinical and roentgenologic evi- 
dence of left-sided tension hemothorax. In addi- 
tion, there were rib erosions and separations in- 
volving the posterior portions of the 4th to 6th 
ribs on the same side (Fig. 54). 

Thoracentesis yielded 175 ml. of blood. Sub- 
sequent examination showed the rib changes 
more clearly, as well as spotty soft tissue calcifi- 





Fic. 4. Case m1. There are obvious rib changes 
adjacent to the paravertebral neuroblastoma. 
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Fic. 5. Case tv. (4) Tension hemothorax with marked erosions and separation of the posterior portion of 4th 
to 6th ribs. (B) There are rib changes and the multiple spotty calcifications in the same area. (C) Note the 
displacement of the descending aorta and the tumor vessels. (D) There is regression of rib changes 6 
months subsequent to therapy. 


cations without an obvious mass (Fig. 58). 
Vertebral erosions were also demonstrated. 
Bronchography demonstrated external com- 
pression of the left main bronchus. The thoracic 
aorta was displaced by a calcified soft tissue 
mass which was fed by tumor vessels (Fig. 5C). 


Spinal cord compression by an extradural mass 
was demonstrated on myelography. The vanil- 
lylmandelic acid assay was found to be elevated 
on 2 occasions. No neurologic signs were re- 
corded during the child’s hospital stay. Elective 
laminectomy was followed by thoracotomy and 
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TABLE IV 


ROENTGENOLOGIC FINDINGS, TREATMENT, AND FOLLOW-UP IN PATIENTS WITH GANGLIONEUROMA 





“Ghost”| Obvious | gn 
















14 mo. well 


7 yr. (radiation therapy) 
hemophiliac. Well 


14 yr. kyphoscoliosis 


* The only “dumbbell” tumor with vertebral changes and complete block on myelography. 


a large “dumbbell” tumor was removed. 
The rib changes regressed postoperatively 
(Fig. 5D). Three years after surgery the child 
= has kyphoscoliosis with no evidence of recur- 
rence or metastases. 


RESULTS 


Primary Medtastinal Neuroblastoma. The 
findings in 6 primary mediastinal neuro- 
blastomas and 1 ganglioneuroblastoma are 
summarized in Table 1. The age at first 
hospital admission ranged between 1 month 
and 4 years, 4 children being less than 1 
year old. 

Neurologic signs or symptoms, or both, 
were recognized on admission in 4 out of 7 
patients. Four “dumbbell” tumors were 
demonstrated by myelography. There was 
no correlation between the degree of cord 
compression on myelography and the 
presence or severity of neurologic deficit 
(Cases 2 and 4). There was an obvious 
mass recognizable on the chest roentgeno- 
grams in 4 patients with primary neuro- 
blastoma (Table m1). In 2, the contour of 


the mass was ill-defined (“ghost” tumor), ` 


and 1 child presented with a tension hemo- 

thorax which masked theneoplasm (Case 7). 
Calcifications within the mass were pres- 

ent in 5 patients. The 2 infants who had no 


roentgenographic evidence of calcifications 
were I month of age at the time of diag- 
nosis. 

Rib erosions and separations were found 
in § patients (Cases 3—7; Table 111). There 
was no rib abnormality in either of the 
I month old babies. The rib erosions 
and separations occurred in the posterior 
portion of the ribs adjacent to the soft 
tissue mass. The costal separation was 
marked in 4 patients and mild in 1 (Cases 
3-7; Table m). 

Vertebral changes (erosion of the pedicles 
and vertebral bodies, enlarged interverte- 
bral foramina) adjacent to the mass were 
found in 4 children, all of whom had an 
intraspinal component of the tumor (Cases 
4-6, 7; Table 111). 

Displacement of the mediastinal struc- 
tures on the chest roentgenogram was 
present in 3 patients who had large tumors 
and in 1 child who had a hemothorax (Case 
7; Table ni). 

Five out of 7 children are alive, 6, 4, 5, 2 
and 3 years after the initial diagnosis 
(Table m1). Two patients succumbed to the 
disease within 5 months of recognition. 
Both of these had disseminated neuro- 
blastoma at the time of admission. 
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Fic. 6. Differences in roentgenologic appearance of primary neuroblastoma, ganglioneuroma and secondary 
neuroblastoma involving the mediastinum. (4) Note a “ghost” tumor with small calcifications and marked 
rib erosions and separations in a patient with primary mediastinal neuroblastoma. (B) Ganglioneuroma, 
with a sharp lateral contour, multiple calcifications, and subtle rib changes. (C) Metastatic mediastinal 
neuroblastoma. There is a bilateral triangular paravertebral widening with associated rounded deposits 


and absence of calcifications and rib changes. 


There are significant sequelae of treat- 
ment in all survivors. Five children have 
kyphoscoliosis, 2 who received radiation 
therapy have thoracic hemiatrophy and 
1 has severe fibrothorax and cor pulmonale 
(Table 111; Fig. 3B). 

Mediastinal Ganglitoneuroma. The find- 
ings in 4 children with mediastinal ganglio- 
neuroma are summarized in Table 1v. The 
age range is 3 to Io years. The initial chest 
roentgenogram showed a clear-cut posterior 
mediastinal tumor with a sharp border in 3 
children. One patient presented with a 
“ghost” tumor which simulated right 
upper lobe collapse. The latter proved to 
be a “dumbbell” shaped mature neuro- 
blastoma (Case 1). In 2 cases there were 


spotty calcifications in the soft tissue mass. 
Rib erosions and costal separations in the 
adjacent ribs were subtle and more difficult 
to identify than in primary mediastinal 
neuroblastoma (Fig. 6, 4 and B). 
Displacement of the mediastinal struc- 
tures was absent in all patients. The medi- 
astinal tumors were removed in 3 children; 
I patient is a hemophiliac and he received 
only radiation therapy. There is no change 
in the size of the soft tissue mass 7 years 
after the initial diagnosis (Table 1v). 
Secondary Medtastinal Neuroblastoma. 
Twelve cases of metastatic mediastinal 
neuroblastoma were reviewed. In 11 pa- 
tients there were metastases in the posterior 
mediastinum in the form of triangular 
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paravertebral masses; in 5 of these there 
were associated rounded or diffuse, or both, 
mediastinal deposits (Fig. 6C). 

Rib erosions and separations similar to 
those found in primary mediastinal neuro- 
blastoma were absent. 

There were no calcifications in the non- 
treated secondary mediastinal neuroblas- 
tomas. One patient developed calcifica- 
tions following radiation therapy (when 
the soft tissue mass regressed); another 
showed calcifications subsequent to sur- 
gery. There was only 1 survivor in this 
group, an infant 9 days old at the time of 
initial diagnosis (bony metastases were 
absent). 


DISCUSSION 


Patients with primary mediastinal neuro- 
blastoma frequently present with non- 
specific symptomatology. Therefore, the 
diagnosis depends on the awareness of the 
radiologist. 

The roentgenologic appearance of pri- 
mary mediastinal neuroblastoma is proba- 
bly the result of the peculiar extrapleural 
tumor growth, lack of capsule formation, 
and the incidence of the roentgen-ray beam 
on a particular projection.) 

Rib erosions and separations are the 
most important roentgenologic findings in 
the primary mediastinal neuroblastoma, 
even when the mass is ill-defined “ghost” - 
like (Cases 3, 5; Fig. 6). The recogni- 
tion of rib changes leads to the diagnosis 
of an extrapleural mass which then may be 
better visualized with different projections 
and ideal technique. 

In the newborn infant the rib changes, 
calcifications, and vertebral erosions may 
not be recognizable (Table 111). We sug- 
gest the possibility that these changes are 
directly related to the age of the patient. 

Subsequent to treatment (surgery, ra- 
diation therapy with or without chemo- 
therapy), rib erosions and separations re- 
gress rapidly (Case 1v; Fig. 5, B and D). 

The identification of calcification within 
the soft tissue mass further enhances the 
diagnosis of primary mediastinal neuro- 
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blastoma and differentiates it from other 
posterior mediastinal tumors of childhood.’ 

Intraspinal extension of the tumor 
(‘““dumbbell,” “hourglass” tumor) fre- 
quently occurs with primary mediastinal 
neuroblastoma and rarely with ganglio- 
neuroma (Case 1).4! Myelography should 
be performed when vertebral changes are 
associated with a posterior mediastinal 
mass, even in the absence of neurologic 
deficit Table 111). 

In ganglioneurcma the mass effect is 
predominant over the mild rib changes as 
a rule (Fig. 6). 

Secondary deposits invade the extra- 
pleural structures in an entirely different 
manner. Usually they appear as triangular 
masses located in the lower posterior me- 
diastinum with their base directed inferi- 
orly.’ This configuration indicates thoraco- 
abdominal origin. Rounded or diffuse me- 
tastases are usually found in the posterior 
mediastinum and rarely in the middle me- 
diastinum.® Rib erosions and separations, 
as seen with primary mediastinal neuro- 
blastoma, are absent even in cases with ex- 
tensive bone marrow involvement. 


M. B. Nogrady, M.D. 

Department of Diagnostic Radiology 
The Montreal Children’s Hospital 
2300 Tupper Street 

Montreal 108, Quebec 

Canada H3H 1P3 


The authors are grateful to Miss Susan 
Wilkinson and Mrs. Adele Davidson for 
their secretarial help and to Miss Philippa 
Nelson for photography and art work on 
the scientific exhibit. 
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BENIGN, SOLITARY SCHWANNOMAS OF 
THE LESSER PERITONEAL SAC* 


By JOHN D. NOONAN, M.D., HIDEYO MINAGI, M.D., 
and FREDERICK R. MARGOLIN, M.D. 


SAN FRANCISCO, CALIFORNIA 


ABSTRACT: 


Two cases of a large schwannoma of the lesser omental sac are described. One 
arose from the lesser omentum itself. This schwannoma also had roentgenographically 
visible calcifications, a finding never before reported to have been seen in the ab- 
domen. Emphasis is upon the uniqueness of the site of the tumor. 


ENIGN, solitary schwannomas or neu- 

rilemomas of the abdomen are rare. In 
a review of 303 cases of this entity at all 
sites, Das Gupta eż a/.4 found no solitary 
neurilemoma of the gastrointestinal tract. 
They did, however, describe 2 cases of neu- 
rilemoma in the retroperitoneum, at least I 
of which was an abdominal mass. 

The following 2 cases are examples of this 
benign neoplasm as it appears singly in the 
abdomen. In both instances the mass was 
discovered in the left upper quadrant of the 
abdomen on physical examination and fur- 
ther delineated roentgenographically to be 
in the region of the lesser omental sac. One 
mass arose from the lesser omentum itself; 
the other arose from the retroperitoneum. 


REPORT OF CASES 


Case 1. A 71 year old man was hospitalized 
for investigation of a large abdominal mass in 
the left upper quadrant found on routine 
physical examination. He was asymptomatic 
except for an occasional tugging feeling in the 
left upper quadrant. Further investigation, in- 
cluding examination of the upper gastroin- 
testinal tract, barium enema study, and sonog- 
raphy demonstrated a large multiloculated soft 
tissue mass with scattered calcification. The 
mass displaced both stomach and colon and 
appeared to be centered in the region of the 
lesser omental sac (Fig. 1; and 2). 

Laparotomy disclosed a mass 20 cm. in di- 
ameter arising from the posterior portion of the 
lesser omentum and filling the lesser sac. It was 
well encapsulated and removed in toto. Patho- 





logical examination demonstrated a benign, en- 
capsulated, cystic schwannoma with calcifica- 
tions. 


Case 1. An 83 year old man was admitted to 
the hospital because of a 37 pound weight loss, 
intermittent back and epigastric pain, and 
nausea and vomiting occurring over a period of 
4 months. He noted jaundice and clay-colored 
stools associated with intermittent pruritus 2 
weeks before admission. On physical examina- 
tion, a large non-tender mass was palpated in 
the left upper quadrant in the abdomen. Roent- 
genographic examination of the upper gastro- 
intestinal tract and scans of the liver and spleen 


Fic. 1. Case 1. Lateral roentgenogram of the upper 
abdomen shows scattered calcifications within the 
abdominal mass, which lies anterior to calcified 
aorta. 


* From the Departments of Radiology, University of California School of Medicine and San Francisco General Hospital, San Fran- 


cisco, California. 
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Fic. 2. Case 1. Supine roentgenogram following 
barium meal demonstrates the mass displacing the 
body of the stomach superiorly and small bowel 
inferiorly. 


suggested a retrogastric, soft tissue mass (Fig. 
3, 4 and B). An oral cholecystogram showed 
poor function of the gallbladder and possible 
gallstones. 

Laparotomy disclosed a mobile, soft neo- 
plasm, 10 cm. in diameter, in the lesser peri- 
toneal sac with a small posterior pedicle arising 
from the retroperitoneum. The gallbladder was 
contracted and thick-walled. Large stones 
were found in the gallbladder as well as in the 
common and right hepatic ducts. Pathologically 
the mass was found to be an encapsulated 
neurilemoma with areas of myxoid degenera- 
tion and cyst formation. 


DISCUSSION 


Benign, solitary neurilemomas (schwan- 
nomas) were found in only 13 of 360,672 
patients admitted consecutively to a large 
general hospital and 0.02 per cent of all pa- 
tients admitted to a large university center 
over a Ig year period.” Most often these 
tumors occur along the course of peripheral 
nerves. 

The actual cell of origin has been a mat- 
ter of debate since 1803 when Odier first 
described the enlargement of peripheral 
nerves and coined the term “‘neuroma.’’? 


J. D. Noonan, H. Minagi and F. R. Margolin 


OCTOBER, 1975 


Most authorities now accept Schwann’s 
cell as the cell of origin. The descriptive 
terms “‘neurilemoma” and “schwannoma” 
are used interchangeably. 

In the 303 cases of neurilemoma reported 
by Das Gupta et al. women (57 per cent) 
were affected somewhat more often than 
men (43 per cent). There is no significant 
age predilection. Approximately 63 per 
cent of all their patients were between 30 
and 60 years of age at the time of diagnosis. 

The head and neck, especially the cranial 
nerves, are by far the most common loca- 
tions of solitary neurilemomas, accounting 
for 40 to 50 per cent of all cases. In decreas- 
ing frequency the upper extremity, lower 
extremity, and trunk account for the sites 
of nearly all remaining cases. Few of these 
tumors have been reported to be in the ab- 
domen and retroperitoneum,*-® "1:12.14 

The literature suggests that stomach and 
small intestine are the most common sites 
of origin of schwannomas within the ab- 
domen. The rectum is an uncommon site. 
In their review of the literature, Doyle 
et al5 found 192 cases of neurilemoma of 
the gastrointestinal tract. Of these, 154 
were in the stomach, 38 in the small bowel, 
and none in the colcn. They reported a 
case of a neurilemoma ‘n t ie cecum, which 
is the only one at this site we were able to 
find in the English language literature. 
Rarely are cases described originating in 
the appendix, Meckel’s diverticulum, liver, 
or greater omentum.?-*5:14 

Neurilemomas may attain a considerable 
size without causing symptoms, as in our 
cases. Gastrointestinal bleeding is the most 
common manifestation of intramural neuri- 
lemomas. Partial or complete intestinal ob- 
struction also occurs. 

An unusually high correlation exists be- 
tween neurilemomas and malignancies at 
distant sites unrelated to peripheral nerves. 
Forty-nine (more than 16 per cent) of the 
patients in the series of Das Gupta et al. 
developed unrelated malignancies before as 
well as after the neurilemoma was dis- 
covered. Among them 3 had malignant 
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Fic. 3. Case 11. Upper gastrointestinal examination. (4) Large mass creates a marked extrinsic pressure de- 
formity along the lesser curvature of the stomach. (B) Oblique roentgenogram reveals that the mass lies 
posterior to the stomach in the region of the lesser sac. Scattered calcifications seen posterior are probably 
in splenic arteries. 


melanomas, 12 had malignancies of the 
breast, 15 of the skin, and 8 of the gastroin- 
testinal tract. 

Our 2 cases are unusual in that both 
schwannomas were confined to the lesser 
omental sac and both had become quite 
large while producing only minor symptoms. 

The roentgenographic finding of a calci- 
fied neurilemoma occurring in the abdomen 
(Case 1) has not been previously reported. 
Other calcified intra-abdominal masses are 
not rare. Pancreatic adenocarcinomas and 
islet cell tumors may calcify, although 
rarely. Cystadenomas and cystadenocarci- 
nomas of the pancreas calcify somewhat 
more frequently. Sawyer eż al. noted 
that Io to 18 per cent of pancreatic cyst- 
adenomas are calcified; many exhibit a 
“sunburst” pattern of calcification. Very 
rarely, phleboliths are seen inside pan- 
creatic and gastric lymphangiomas and 
hemangiomas. 

Gastric leiomyomas commonly have mi- 
croscopic calcifications, but rarely are the 


calcifications visible roentgenographically.® 
Fibromas and mucinous adenocarcinomas 
originating in the stomach likewise occa- 
sionally calcify. Hydatid cysts, calcified 
hematomas, and aneurysms may also be 
seen in this area. 


Hideyo Minagi, M.D. 

Department of Radiology 

University of California, San Francisco 
San Francisco, California 94143 
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EBSTEIN’S ANOMALY OF TRICUSPID VALVE: 
CRITICAL REVIEW OF ROENTGENOLOGICAL 
FEATURES AND ADDITIONAL 
ANGIOGRAPHIC SIGNS* 


By VICTOR DEUTSCH, M.D., LEWIS WEXLER, M.D., LEONARD C. BLIEDEN, M.B., B.Cu., 


JOSEPH H. YAHINI, M.D., F.A.C.C.; and HENRY N. NEUFELD, M.D., F.A.C.C.+ 
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ABSTRACT: 


The plain roentgenographic and angiocardiographic features of 15 patients with 
Ebstein’s anomaly of the tricuspid valve were reviewed. Of note on the plain roent- 
genogram was the fact that the “posterior bulge” seen on the lateral view was 
demonstrated to be due to either a markedly enlarged right atrium or the posterior 
displacement of normal left heart structures. The angiocardiographic features de- 
scribed in the literature were reviewed. Two main features seen were the “‘sail-like” 
appearance of the anterior leaflet of the tricuspid valve, which sometimes produces 
a tumor like picture, and the 2 notches seen when the ventricle contracts. One notch 
corresponds to the true tricuspid annulus. The other represents the site of attach- 
ment of the displaced tricuspid valve. The previously undescribed features were 
noted: (a) all three leaflets could sometimes be identified; (b) fenestrations in the 
anterior leaflet were demonstrated in 5 cases; and (c) the sinus portion of the ven- 
tricle was sometimes filled in a retrograde fashion from the infundibular chamber. 


BSTEIN’S anomaly is an uncommon 

congenital cardiac defect involving the 
formation of the tricuspid valve. Ebstein’s 
original description in 1866 included an in- 
cisive discussion which encompassed most 
of the essential anatomic and hemodynamic 
features recognized currently." 

Although the roentgenographic features 
have received. mention in the literature, 
differences of opinion and inconsistencies 
exist regarding plain film interpretation.! * 1 
In addition, little emphasis has been placed 
on those specific angiographic observations 
which help to explain the plain film find- 
ings, and which correlate well with the 
anatomic and hemodynamic features of the 
disease.*5.6 1 

We reviewed the roentgenograms and 
angiographic studies in a group of 16 pa- 
tients with Ebstein’s anomaly studied at 
the Chaim Sheba Medical Center. We found 
that by a careful anatomic analysis of the 
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Frc. 1. Drawing depicting the pathological features 
in Ebstein’s anomaly. Note the large displaced 
anterior leaflet and the smaller, also displaced 
posterior and septal leaflets of the tricuspid valve. 
FRV=Functional right. ventricle, ARV = Atrial- 
ized right ventricle, RVS=Sinus portion of right 
ventricle. 


* From the Heart Institute and Department of Diagnostic Radiology, The Chaim Sheba Medical Center, Tel Hashomer, Tel-Aviv 


University Medical School, Israel. 


t Established Investigator of the Chief Scientist’s Bureau, Ministry of Health. 
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FIG. 2. Ebstein’s anomaly. (4) Posteroanterior (PA) chest roentgenogram. Moderate cardiac enlargement 
with narrow vascular pedicle and diminished size of pulmonary vessels. The left heart border is character- 
istic of Ebstein’s anomaly with small aortic knob, concave main pulmonary artery segment and enlarged 
horizontally inclined infundibular segment. (B) Lateral view. Enlarged right heart chambers displace the 
normal sized left ventricle behind the esophagus. (C) Left anterior oblique (LAO) view. The enlarged 
right heart chambers displace the left ventricle posteriorly to overlap the spine. The arrow indicates the 
region of the right atrial appendage which is not ‘“‘squared-off.” See explanation in text. (D) Right anterior 
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Fic. 3. (4 and B) Ebstein’s anomaly. Posteroanterio: chest roentgenograms at age 14 and age 18 respec- 
tively. In (4) the pulmonary vasculature is decreased. The heart is enlarged with a characteristic box-like 
appearance, a narrow vascular pedicle and concave pulmonary artery segment. In (B) the heart size has 
markedly increased due to pericardial effusion and tricuspid insufficiency, but the box-like appearance 1s 
even more marked. Note also dilatation of superior vena cava and pleural effusion due to right heart 


failure. 


angiograms performed in both the antero- 
posterior and lateral views, several diag- 
nostic features previously not stressed 
could be recognized. 


MATERIAL AND METHOD 


Fifteen patients were studied. In each 
case, physical examination was performed 
on at least 1 and usually on several oc- 
casions. Thirteen lead electrocardiograms 
and plain chest roentgenograms were per- 
formed in each patient. Cardiac catheter- 
ization and angiographic studies were per- 
formed in all patients. The diagnosis was 
made by a combination of the features 
from the above mentioned tests, as well as 
by necropsy evidence in § cases. 


eel 


CLINICAL AND LABORATORY FINDINGS 


There were 9 females and 6 males. Their 
ages at the time of definitive diagnosis 
ranged between 4 days and 33 years. Short- 
ness of breath was present in 7 patients and 
palpitations in 5. Congestive cardiac failure 
was present in 5 patients. Cyanosis was a 
feature in 8 patients: of these, 2 also 
exhibited clubbing. 

A systolic thrill was palpable at the left 
sternal border in 6 patients. The first heart 
sound was single in 12 patients and split in 
3 patients; the second sound was single in 
3 patients and split in 12 patients; a third 
heart sound was audible in 6 patients; and 
a fourth heart sound in 5 patients. In all 
patients a systolic murmur was present at 


e 


oblique view. The enlarged infundibulum of the right ventricle is seen anteriorly. The right atrium (arrow) 
projects posteriorly behind the esophagus. (Æ) Angiocardiogram following injection in superior vena Cava. 
The shallow notch (vertical arrow) indicates the tricuspid annulus. The radiolucent curvilinear shadow 
(white arrows) represents the displaced anterior tricuspid leaflet. The atrialized portion of the right ven- 


tricle (ARV) lies between the true tricuspid annu 


lus and the anterior tricuspid leaflet. The atrialized 


right ventricle empties directly into the enlarged infundibular chamber or “functional right ventricle” 
(FRV). The sinus portion of the right ventricle (SRV) can be faintly seen and is filled with radiolucent 
trabeculations which represent abnormal muscle bands and thickened chordae running between the an- 
terior leaflet and the free wall of the right ventricle. (F) Retrograde left ventriculography, anteroposterior 
view. The right coronary artery (arrow) defines the right atrioventricular junction and, hence, the position 
of the true tricuspid annulus. Compare with (£). FRV = Functional right ventricle, ARV =Atrialized 
portion of right ventricle, SRV = Sinus portion of right ventricle. 


398 Deutsch, Wexler, Blieden, Yahini and Neufeld OCTOBER, 1975 





Fic. 4. Ebstein’s anomaly with valvular pulmonic stenosis. (4) Posteroanterior chest roentgenogram, age 13. 
Prominent main pulmonary artery segment with right heart enlargement suggests valvular pulmonic 
stenosis, not “characteristic”? of Ebstein’s anomaly. (B) Posteroanterior chest roentgenogram, age 16. 
Cardiac size greatly increased due to pericardial effusion. Main pulmonary artery segment still prominent. 
(C) Lateral view, age 16. Markedly enlarged heart bulging behind esophagus. Nevertheless, the lower sub- 
sternal region is not filled-in (arrowhead). (D) Angiocardiogram injection into right atrium, anteroposterior 
view. Markedly dilated right atrium with enlarged, medially placed right atrial appendage (RAA). Smaller 
atrialized right ventricular chamber (ARV) empties directly into infundibular portion of right ventricle (I). 
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the lower left sternal border and in 7 a 
short diastolic murmur was heard at the 
left lower sternal border. In 1 other pa- 
tient a diastolic murmur was audible at the 
apex. In I patient a grade 3/6 pan-systolic 
murmur was present at the apex. The mur- 
mur radiated to the axilla. In 1 patient an 
ejection systolic murmur, grade 3/6, was 
heard in the pulmonary area. 

The electrocardiograms showed complete 
right bundle branch block in 9 patients 
with small QRS complexes in lead V, in 8 
of these patients. In 4 patients the PR 
interval was prolonged and in 3 of them 
right atrial enlargement was present. Su- 
praventricular tachycardia occurred in 2 
patients. In 1 patient atrial flutter and in 
another case paroxysmal ventricular tachy- 
cardia were present. In only 1 patient the 
features of the Wolff-Parkinson-White syn- 
drome were observed. 

At catheterization, in 7 patients a right- 
to-left shunt was documented at the atrial 
level. In 5 patients the pressure was 
elevated in the right atrium. The right 
ventricular end diastolic pressure was 
elevated in 2 patients. In 5 patients the 
catheter tip was seen on fluoroscopy to be 
well to the left of the spine in spite of the 
fact that an “atrial” pressure tracing was 
recorded. No serious complications were 
encountered during catheterization or angi- 
ographic studies. 


ANATOMIC AND FUNCTIONAL 
CONSIDERATION 


The anatomic features of Ebstein’s 
anomaly have been described in detail by 
several authors.” The 2 essential fea- 
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tures are: (a) (Fig. 1) downward displace- 
ment of the origins of the tricuspid leaflets 
from the annulus into the right ventricle; 
and (b) dysplasia of 1 or more of the tri- 
cuspid leaflets. The downward displace- 
ment of the origin of the leaflets varies in 
severity, the septal leaflet being displaced 
to a greater extent than the anterior or 
posterior leaflets. 

Dysplasia also usually affects the leaflets 
asymmetrically. The septal leaflet is most 
commonly underdeveloped with thickened, 
stubby valve tissue fixed to the endo- 
cardium by shortened, haphazardly in- 
serted chordae tendineae and papillary 
muscles. The posterior leaflet may exhibit 
similar changes or it may fuse with the 
anterior leaflet. In contrast, the anterior 
leaflet is usually larger than normal, ex- 
tending like a sheet across the sinus portion 
of the right ventricle. The body of this 
leaflet is usually adherent to the free right 
ventricular wall through a series of ab- 
normal fibrous and muscular bands. 

As a result of the abnormal tricuspid 
valve structure and location, the right 
ventricle is divided into 3 portions: (1) a 
proximal inflow portion, located between 
the tricuspid annulus and the anterior 
leaflet (the atrialized portion of the right 
ventricle); (2) a distal sinus portion, be- 
tween the anterior leaflet and the right 
ventricular wall; and (3) an outflow or in- 
fundibular portion, located distal to the 
tricuspid valve leaflets and often called the 
“functioning” right ventricle. 


ROENTGENOGRAPHIC FEATURES 


The roentgenographic findings have been 


The large notch (vertical arrow) indicates true tricuspid annulus. The anterior tricuspid leaflet is marked 
by horizontal arrow. (E) Later phase. The sinus portion of the right ventricle (SRV) has now filled and 
is separated from the atrialized right ventricle by the displaced anterior leaflet of the tricuspid valve. The 
pulmonary valve (white arrow) is thickened and the main pulmonary artery (PA) is dilated. The contrast 
medium filled right atrium is separated from the apparent heart border (arrowheads) indicating pericardial 
effusion. (F) Lateral view of angiocardiogram. Marked dilatation of right atrium and inferior vena cava. 
The “posterior bulge” seen in (C) is due to the left ventricle (LV) which is displaced posteriorly. The 
notch due to the true tricuspid annulus is indicated by the vertical arrow. Note that inferiorly the retro- 


sternal space is clear. 


RAA = Right atrial appendage, ARV = Atrialized right ventricle, I = Infundibular chamber, PA = Main 
pulmonary artery, SRV = Sinus portion of right ventricle, LV = Left ventricle. 
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Fic. 5. Ebstein’s anomaly. (4) Characteristic box-like configuration with narrow vascular pedicle and di- 
minished pulmonary vascularity. (B) Angiocardiogram, injection into superior vena cava, frontal view. 
Enlarged right atrium (RA) with medially placed right atrial appendage (RAA). Large notch (vertical 
arrow) at site of true tricuspid annulus. Anterior tricuspid leaflet (horizontal arrow) defines limits of 
atrialized portion of the right ventricle (ARV). The functional right ventricle (FRV) and pulmonary artery 
(white arrow) have filled but the sinus portion of the right ventricle has not. (C) Lateral view of chest 
with prominent “posterior bulge” (white arrow). The functional right ventricle (compare to FRV in D) 
fills in the upper retrosternal space, but inferiorly the relatively small sinus portion of the right ventricle 
does not reach the anterior chest wall (black arrow). (D) Angiocardiogram, lateral view. The posterior 
bulge is formed by the left ventricle (LV). The right atrium is superimposed on the right ventricle. The 
small arrows point to the displaced anterior leaflet of the tricuspid valve. 

RA= Right atrium, ARV=Atrialized portion of right ventricle, RAA=Right atrial appendage, LV= 
Left ventricle, FRV = Functional right ventricle, SRV = Sinus portion of right ventricle. 
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described by others in detail and vary 
markedly, depending on the degree of ana- 
tomic and hemodynamic abnormality.! 4510 
Heart size ranges from normal to markedly 
enlarged. In the frontal view the typical 
findings are a square or box-like cardiac 
configuration with a narrow vascular ped- 
icle and a small aortic arch segment. The 
ascending aorta likewise tends to be re- 
duced in size and is not usually visible in 
the frontal projection. 

Previous authors have shown how the 
enlarged right atrium forms one-half of the 
box-like cardiac silhouette, while the mark- 
edly dilated and horizontally positioned 
infundibular portion of the right ventricle 
contributes to the remaining upper corner. 
In most cases the main pulmonary artery 
segment is concave and the pulmonary 
vessels appear normal or decreased in 
prominence, reflecting the degree of right- 
to-left shunting and consequent reduction 
in pulmonary blood flow. This combination 
of a large box-like heart and decreased 
pulmonary blood flow has been described 
as the characteristic plain film findings in 
Ebstein’s anomaly. 

Our cases also exhibited these well known 
findings (Fig. 24; 3, 4 and B; 4, 4 and B; 
z4; 64; and 114). A general truism is: The 
more severe the deformity, the more char- 
acteristic the roentgenographic findings. 
Several of our cases had pericaridal effusion 
which produced marked apparent cardio- 
megaly and introduced a more globular 
configuration, although the basic features 
were otherwise unchanged (Fig. 34; and 4, 
B and £). In our experience, cardiac size 
and shape tend to remain relatively un- 
changed in patients who have minimal or 
no symptoms. However, cardiac enlarge- 
ment develops in 3 circumstances: cardiac 
failure; pericardial effusion; and increasing 
signs of tricuspid insufficiency. 

Hanson and Rosenbaum’ described a 
“posterior bulge” on the lateral roentgeno- 
gram which they attributed to enlargement 
of the abnormal atrialized portion of the 
right ventricle. Although we also saw this 
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posterior bulge frequently (Fig. 2B; 4C; 5C; 
6B; and 84), correlation with lateral angio- 
cardiograms revealed that the atrialized 
chamber was not responsible for the pos- 
terior bulge since it was always situated 
anterior to the inferior vena cava and was 
not a posterior border forming structure 
(Fig. 7, D and EF; and 88). Indeed, we 
found 2 other structures which were re- 
sponsible for the posterior bulge: the mark- 
edly enlarged right atrium (Fig. 6D; and 
7D) or, alternatively, it was caused by 
posterior displacement of normal left heart 
structures (Fig. 4F; and 5D). When the 
dilated right atrium is responsible for the 
posterior bulge in the lateral view, the 
bulge usually lies below the level of the 
left atrium (Fig. 6D: and 7E). However, 
the dilated right heart structures may 
cause sufficient posterior displacement of 
the left atrium or ventricle to produce 
either a localized or a broad indentation of 
the esophagus which simulates left atrial 
(Fig. 84) or combined atrial and ventricu- 
lar enlargement (Fig. 4, C and F). In some 
instances the left ventricle projects behind 
the esophagus, producing the posterior 
bulge (Fig. 2B; and 5C). 

The dilated right atrium and inferior 
vena cava may project behind the esoph- 
agus in the right anterior oblique (Fig. 2D), 
as well as in the lateral view (Fig. 6, B and 
D). Surprisingly, even though the right 
atrium is dilated, the squared-off upper 
right border characteristic of right atrial 
enlargement in the left anterior oblique 
view is not commonly seen (Fig. 2C). Be- 
cause the body of the right ventricle is dis- 
proportionately small compared to the 
right atrium, there is a marked clockwise 
rotation of the heart which particularly 
affects the right atrium. As a result, the 
atrial appendage projects farther to the 
left than is typical of other causes of right 
atrial enlargement (Fig. 4D; 5B; 6C; and 
7A) and consequently, it is not a border 
forming structure in the left anterior 
oblique view. 

Elliott and Hartmann‘ have emphasized 
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Fic. 6. Ebstein’s anomaly. (4) Posteroanterior chest roentgenogram. “Square” cardiac silhouette typical of 
Ebstein’s anomaly. Pulmonary vascular pattern is within the range of normal. Superior vena cava shadow 
is prominent due to elevated right atrial pressure. (B) Lateral view. There is a “posterior bulge” behind 
the esophagus in the region of the left atrium. The inferior vena cava (arrow) is posteriorly located. 
(C) Right atrial injection, arteroposterior view. Marked enlargement of right atrium. The atrialized por- 
tion of the right ventricle lies between the tricuspid annulus (vertical arrow) and the displaced anterior 
leaflet (horizontal arrow). The functional right ventricle (FRV) is large. The left ventricle (LV) has filled 
via a right-to-left shunt at the atrial level. (D) Same injection, lateral view. The enlarged right atrium 
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the systolic-diastolic variations in size of 
the infundibular segment of the right 
ventricle, This segment may be so enlarged 
that, particularly in diastole, it overlaps 
the main and small left pulmonary arteries 
(Fig. 8F). The vigorous pulsations of the 
upper left cardiac border are mirrored by 
the alternate pulsations of the upper right 
heart border due to tricuspid insufficiency. 
These changes are easily observed at 
fluoroscopy, and may be documented by 
kymography (Fig. 9). The pulsations of the 
lower right and left heart borders are usu- 
ally damped since they reflect the dilated 
inferior right atrium and the weakly . con- 
tracting sinus portion of the right ventricle 
respectively. Other observers have charac- 
terized the hearts seen in Ebstein’s anomaly 
to be large and quiet, similar to those seen 
in cases of pericardial effusion. The alter- 
nately pulsating upper borders should 
assist the fluoroscopist in making this dis- 
tinction except in those cases of Ebstein’s 
anomaly complicated by superimposed 
pericardial effusion. Thickening of the an- 
terior pericardial stripe, when present, on 
the lateral view or at fluoroscopy, may be a 
helpful sign in identifying superimpose 
pericardial effusion. 

An additional finding which we have ab: 
served in several patients with Ebstein’s 
anomaly is a relatively clear lower sub- 
sternal segment due to hypoplasia of the 
sinus portion of the right ventricle in con- 
junction with marked filling-in of the upper 
retrosternal space, a result of prominence 
of the infundibular segment of the right 
ventricle (Fig. 4, C and F; 5,C and D; and 
8, 4 and C). Since the lower sinus portion 
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rarely exhibits dilatation comparable to 
that of the infundibular portion, this com- 
bination of findings on the lateral film may 
distinguish the more common causes of 
right heart enlargement which tend to af- 
fect all portions of the right ventricle more 
or less equally. 

Although the main pulmonary artery 
segment is characteristically concave, we 
have observed a case of Ebstein’s anomaly 
with valvular pulmonic stenosis who Fad 
poststenotic dilatation of the main pulmo- 
nary artery (Fig. 4, £ and Æ). Additionally, 
some patients with Ebstein’s anomaly have 
prominence of the superior vena cava in 
the frontal view (Fig. 3B; and 64). The 
supradiaphragmatic portion of the inferior 
vena cava is commonly wide due to 
elevated right atrial pressure and reflux 
from the right atrium. The enlarged in- 
ferior vena cava is better appreciated in 


the lateral view (Fig. 6B). 


ANGIOGRAPHIC FEATURES 


In the past, the angiographic features of 
Ebstein’s anomaly have not been empha- 
sized. Ellis and co-workers in 19645 de- 
scribed the classical angiographic findings 
in Ebstein’s anomaly. Later Elliott and 
Hartmann‘ discussed in some detail the 
appearance of the right ventricular infun- 
dibulum. Nevertheless, the potential value 
of angiography has not been stressed. Im- 
proved techniques including biplane studies, 
cine techniques, and the selective injection 
of contrast medium in the region of the 
abnormal tricuspid valve or in the infundib- 
ular chamber, have increased the value of 
angiocardiography, particularly since cor- 


overlies the right ventricle. Reflux into the widened and ‘posteriorly located inferior vena cava. The left 
atrium (LA) has opacified, although the site of the atrial shunt is not visible. (£) Injection into the func- 
tional right ventricle, anteroposterior view. The pulmonary valve and pulmonary vessels can be seen with 
clarity. There is reflux filling of the atrialized chamber and the right atrium. The anterior leaflet of the 
tricuspid valve is better defined. The left ventricle is not opacified. (F) Same i injection, lateral view. The 
functional portion of the right ventricle (FRV) and the pulmonary valve and main pulmonary artery are 
defined best in this view. The non-opacified atrialized chamber bulges into the sinus portion simulating a 
tumor. The black arrow defines the anterior leaflet spreading like a sail across the body of the right ven- 
tricle. The white arrow points to a deformity on the septal leaflet. 

RAA=Right atrial appendage, FRV = Functional right ventricle, RA™Right atrium, LA=Left 
atrium, ARV = Atrialized right ventricle, LV = Left ventricle, [VC = Inferior vena cava. 
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rective surgical procedures may be con- 
templated. 

We would like to emphasize some ob- 
servations based on our material concerning 
the anatomy of the right atrium and ven- 
tricle and the various patterns of filling and 
emptying of these chambers seen in biplane 
studies. We have found the lateral view to 
be an important adjunct and indeed it may 
be critical in establishing the diagnosis. 

Since the septal and posterior leaflets are 
commonly dysplastic, small, and adherent 
to adjacent endocardium, they are difficult 
to define angiographically (Fig. 1; 67; and 
74). However, the anterior leaflet billows 
across the cavity of the right ventricle to 
virtually obliterate the sinus portion of the 
ventricle where the leaflet is fixed to the 
endocardium by abnormal fibrous and 
muscular attachments (Fig. 22; and 11C). 

The most valuable angiographic finding, 
in our experience, is the appearance of the 
atrialized chamber with its distal limits 
marked by the smooth contour of the dis- 
placed anterior tricuspid leaflet which has 
a “‘sail-like” appearance. This is best seen 
during the early phases of the study before 
the sinus portion is opacified in both the 
frontal and lateral projections. Later, a 
smooth radiolucent arc representing the 
displaced anterior leaflet is well defined in 
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at least I projection (Fig. 2E; 4, D and Æ; 
5, B and D; 6, C and F; 7, 4, B, E and F; 
8, C, Hand F; and 11C). The size and shape 
of the atrialized chamber vary consider- 
ably; in addition, the functional right ven- 
tricle may be deformed, small, or occasion- 
ally large (Fig. 2E; 6E; and 7B). When 
the ventricle contracts, 2 notches may be 
identified; 1 corresponding to the true 
tricuspid annulus and the other repre- 
senting the site of attachment of the dis- 
placed tricuspid valve. These 2 notches are 
seen in both frontal and lateral projections 
(Fig. 4, Æ and F; 5B; 6C; 7, 4 and B; and 
8, B-F). They may be appreciated more 
readily during cineangiography than serial 
filming. Cine techniques are also useful to 
confirm that the atrialized portion actually 
contracts synchronously with the remainder 
of the right ventricle. In the presence of 
marked tricuspid insufficiency, large re- 
ciprocal volume changes may occur be- 
tween the functional right ventricle and 
right atrium. During the cardiac cycle an 
extreme degree of volume variation also 
occurs in the right ventricular infundibu- 
lum. The dilated infundibulum may rise 
above the pulmonary trunk during diastole 
(Fig. 8F). Additionally, the right atrial 
appendage and the right ventricular in- 
fundibulum exhibit reciprocal expansion 





<< 


Fic. 7. Ebstein’s anomaly. (4) Angiocardiogram, injection into right atrium, anteroposterior view, systole. 


Markedly enlarged right atrium with medially displaced right atrial appendage (RAA). All three leaflets cf 
the tricuspid valve can be seen in this exposure. The posterior leaflet (small white arrow) is only slightly 
displaced from the notch indicating the true tricuspid annulus. The deformed septal leaflet (between black 
arrows) is not often seen on angiocardiography. The anterior leaflet (large white arrow) is well defined. 
(B) Later diastolic phase. The notch (white arrow) is more evident. The atrialized right ventricle (ARV) is 
larger while the right atrium is smaller. The functional right ventricle (FRV) is small. The left ventricle 
(LV) has filled via a right-to-left shunt at the atrial level. (C) Lateral view angiocardiogram, beginning 
injection. Filling of right atrium with streaming of contrast medium into the functional right ventricle 
(FRV) directly, between the septal and anterior tricuspid leaflets. (D) Later phase, same injection. The 
beginning of right-to-left shunt at the atrial level is now apparent. Further filling of right atrium (RA) and 
functional right ventricle (FRV). Reflux into inferior vena cava and early filling of atrialized chamber. 
(E) Later phase, same injection. Now the atrialized chamber is opacified and the displaced anterior leaflet 
is well defined (white arrow). The left atrium (LA) has become completely opacified. (F) Injection into 
functional ventricle, lateral view. The entire right heart has filled. Arrows indicate the displaced anterior 
leaflet. 

RAA= Right atrial appendage, LA=Left atrium, ARV = Atrialized right ventricle, FRV = Functional 
right ventricle, IVC = Inferior vena cava, LV = Left ventricle. 
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Fic. 8. Ebstein’s anomaly. (4) Lateral view, chest roentgenogram. The arrow indicates the clear area in the 
inferior retrosternal space. There is an indentation on the esophagus in the region of the left atrium. 
(B) Angiocardiogram, injection into right atrium, lateral view during atrial diastole. The right atrial ap- 
pendage (RAA) partially overlaps the functional right ventricular chamber (FRV between small arrows). 
The tricuspid annulus is indicated by the inferior notch (arrow at the bottom) the sinus portion of the 
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(Fig. 8, D and F), the “teeter-totter” , a 
phenomenon.’ 

Right-to-left shunting through a patent 
foramen ovale or a true atrial septal defect 
is best seen following right atrial or su- 
perior vena caval injections, since overlap 
of the right ventricle is avoided in the early 
phases of the series. Although shunting 
may be identified on the frontal view (Fig. 
6C; and 7B), the lateral view affords a —- 
better demonstration of the shunt when aa 
there is extreme dilatation of right heart ™ 
structures and clockwise rotation of the 
heart (Fig. 6D; and 7£). 

An interesting and previously unde- 
scribed aspect of Ebstein’s anomaly con- 
cerns the emptying of the atrialized cham- 
ber. When fenestrations exist in the an- 
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Fic. 9. Ebstein’s anomaly. Anteroposterior kymo- 


terior leaflet, there is direct communication gram. Same patient as in Figure 8. The reciprocal 
between the atrialized and the sinus por- pulsations of the infundibular chamber (left-sided 
tions of the right ventricle (Fig. 118). arrowheads) and the right atrium (right-sided 
More commonly, however, the sinus portion eee are evident. s, he ee oe oaks 
is initially bypassed and the atrialized ee ee e 

tracting sinus portion of the right ventricle. In this 
chamber empties directly into the infun- case the lower right heart border pulsates vigor- 
dibular chamber through an opening be- ously. More commonly, the dilated inferior por- 
tween the abnormally inserted anterior and tion of the right atrium does not change very 


septal leaflets (Fig. 4, C and D). This much between systole and diastole. 

opening may be so small as to produce 

functional obstruction to the emptying of (Fig. 4, D and E; and 8, D-F). 

the atrialized chamber. After the infun- The sinus portion of the ventricle will 
dikular functional chamber fills there is vary in size depending on the degree cf dis- 
retrcgrade flow into the sinus portion placement of the anterior leaflet ard its 





right ventricle is not yet opacified. Note that the ARV lies anterior to the IVC and is ncta posterior border 
forming structure. (C) Later phase, same injection during ventricular diastole. The sinus portion of the 
right ventricle (SRV) is now opacified. The horizontal arrows indicate the anterior tricuspid leaflet. (D) 
Angiocardiogram, anteroposterior view. Early frame during ventricular systole. Note medial position of 
right atrial appendage (RAA). The right atrium empties into the atrialized portion of the right ventricle 
(ARV) and then directly into the functional chamber (FRV). The arrow indicates the tricuspid annulus. 
(Æ) Later phase, same injection, ventricular diastole. Both the atrialized and the functional portions of the 
right ventricle have expanded while the right atrium has contracted. The functional chamber overlaps the 
pulmonary artery. The reciprocal changes in size between the right atrial appendage and the infundibular 
chamber create the “‘teeter-totter” phenomenon (compare with D). The white arrow indicates the dis- 
placed anterior tricuspid leaflet. The black arrow identifies the tricuspid annulus. The sinus portion of the 
right ventricle is beginning to fill. (F) Still later phase of same injection in ventricular diastole. The dilated 
functional right ventricle overlaps the small main pulmonary artery. The sinus portion of the right ven- 
tricle has filled completely. The anterior tricuspid leaflet (arrow) separates the atrialized portion from the 
sinus portion of the right ventricle. Compare frames (D, E and F) for sequence of filling of the 3 right 
ventricular chambers and also for the mirrored alternate pulsation of the dilated infundibulum of the 
right ventricle and right atrial appendage. 

RAA=Right atrial appendage, FRV= Functional right ventricle, RA= Right atrium, SRV=Sinus 
portion of right ventricle, ARV=Atrialized right ventricle, PA = Pulmonary artery, IVC = [Inferior vena 
cava. 
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Fic. 10. Ebstein’s anomaly. (4) The cardiac catheter is looped in the right atrium and the atrialized portion 
of the right ventricle. The curved portion is against the anterior tricuspid valve leaflet. (B) The tip of the 
catheter is against the septal leaflet of the tricuspid valve. What appears to be a dilated pulmonary artery 
segment is due to a prominent thymus. 


fixation to the free wall of the right ven- 
tricle. The size and character of the sinus 
portion are best seen in the lateral view. 
When the sinus portion is obliterated by 
muscular and fibrous bands, it tends to be 
small in size, especially when compared to 
the infundibulum (Fig. 22; 5, B and D; 
and 6F). Thus, on the lateral view, there is 
a discrepancy between the filling in of the 
lower versus the upper retrosternal space 
such that a clear space may exist in front of 
the sinus portion while the dilated infun- 
dibulum impinges upon the sternum an- 
teriorly. This is appreciated both in lateral 
plain roentgenograms and angiocardio- 
grams (Fig. 5, C and D). 

When a selective injection is made into 
the functional chamber, the anterior leaflet, 
with unopacified blood behind it in the 
atrialized chamber, may bulge into the con- 
trast medium filled sinus portion, particu- 
larly when this segment is relatively well 
formed. This appearance simulates a right 
atrial tumor bulging into the right ventricle 
during the early phases of the injection 
(Fig. 6F). 

Dilatation of the main pulmonary artery 
suggests coexistent pulmonic valve stenosis 


(Fig. 4, 4 and B). Since it may be difficult 
to pass the catheter across the pulmonic 
valve, the best way to demonstrate the 
anatomy of the valve is by injection into 
the distal portion of the ventricle in order 
to achieve satisfactory visualization with- 
out overlap of the right atrium (Fig. 6, Æ 
and F). Apart from 1 case of pulmonic ste- 
nosis (Fig. 4, D and Æ) and those cases in 
which right-to-left shunting was present 
through either a patent foramen ovale or 
an atrial septal defect, no other associated 
congenital lesions were present 1n our cases. 

The pulmonary vessels tend to be nor- 
mal or reduced in size in the presence of 
right-to-left shunting. The size of the cen- 
tral vessels is also reduced consistent with 
that of the peripheral vessels so that con- 
fusion with the pattern of pulmonary hy- 
pertension is not common. Transit time 
through the lungs is markedly prolonged, 
not as a result of increased pulmonary re- 
sistance or left heart failure but because of 
the marked tricuspid insufficiency and right 
heart failure. Visualization of the left heart 
structures may be poor in the levocardio- 
gram because of the prolonged circulation 
time. 
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Fic. 11. Ebstein’s anomaly. (4) Posteroanterior chest roentgenogram. “Characteristic” appearance of box- 
like cardiac silhouette, narrow vascular pedicle and decreased pulmonary vasculature. (B) Angiocardio- 
gram. The catheter begins injection in the functional right ventricular chamber (FRV), and the dye re- 
gurgitates in the form of a jet ‘black arrow) through a fenestrated anterior leaflet into the atrialized right 
ventricle (ARV). The atrialized right ventricle (ARV) lies between the 2 arrows; the right arrow indicates 
the notch of the true tricuspid annulus and the left arrow the site of attachment of the displaced anterior 
leaflet. (C) Later phase, same injection. The displaced tricuspid leaflet (arrows) 1s defined from both sides 
as the sinus portion fills. There are additional lucent shadows in the sinus portion caused by abnormal 
muscular bands and chordae running from the free wall and septum to the displaced anterior leaflet. 
(D) Later phase, same injection. The tip of the catheter now lies in the sinus portion of the right ventricle 
(SRY). 

RA=Right atrium, FRV = Functional right ventricle, ARV=Atrialized right ventricle, SRV = Sinus 
portion of right ventricle. 


the classic angiographic signs of pericardial 
tamponade or constrictive pericarditis in 


Pericardial effusion may coexist with 
Ebstein’s anomaly and may be demon- 


strated angiographically by apparent 1n- 
crease in the right atrial wall thickness 
(Fig. 4E). Since the differential diagnosis 
includes pericardial effusion, it is important 
to demonstrate the other anatomic features 
of Ebstein’s anomaly. We have never seen 


our cases of Ebstein’s anomaly or in those 
described in the literature. 

In cases in which the murmur of tricuspid 
insufficiency simulates that of mitral in- 
sufficiency, left ventriculography may be 
the first procedure performed (Fig. 2F). 
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This procedure usually demonstrates. a 
normal or small left ventricle and aorta 
with the ascending aorta rotated medially 
due to right heart enlargement. In addition, 
the position of the right coronary artery in 
the atrioventricular groove (Fig. 2F) may 
be observed. This defines the position of 
the true tricuspid annulus. Subsequent 
comparison with the right heart study fa- 
cilitates recognition of the displaced leaflets 
and the double notch sign.’ 


DISCUSSION 


Characteristic clinical, electrocardiographic 
and roentgenographic findings are usually 
sufficient to establish the diagnosis of Eb- 
stein’s anomaly. Careful cardiac catheter- 
ization and angiocardiography are of value 
to confirm the clinical impression and to 
exclude other surgically correctable cardiac 
lesions. Earlier reports of catheterization 
studies of patients with Ebstein’s anomaly 
stressed the susceptibility of these patients 
to arrhythmias. Indeed, several deaths 
were reported secondary to those investiga- 
tions. However, more recent reports of 
large series of patients and our own expe- 
rience with 15 patients indicate that com- 
plications can be avoided.':§™ Neverthe- 
less, premedication with antiarrhythmic 
drugs may be indicated. Certainly today, 
with increased awareness of the risks of 
catheterization and the immediate avail- 
ability of cardiac defibrillators in the cath- 
eterization laboratory, the safety of the 
procedure is such that catheterization and 
angiocardiography are warranted in symp- 
tomatic individuals in order to firmly es- 
tablish the diagnosis of Ebstein’s anomaly. 

In order to demonstrate the specific 
anatomic and hemodynamic abnormalities 
in a given patient, multiple injections of 
contrast material may be required. Right 
atrial or caval injection may demonstrate 
the anatomy of the right heart chambers, 
the right-to-left shunt, and pericardial effu- 
sion. However, injection in the right ven- 
tricle may be necessary to see the displaced 
tricuspid leaflets and to estimate the de- 
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gree of tricuspid insufficiency. The pulmo- 
nary valve may be seen best following in- 
jection into the infundibular chamber. 

We have found biplane studies to be 
most useful in defining the abnormal 
anatomic structures. Often the lateral view 
demoristrates the double notch, the char- 
acter of the atrialized chamber, the anat- 
omy and filling of the sinus portion of the 
ventricle, the right-to-left shunt, and the 
pulmonic valve better than the frontal 
view. Our experience with cineangiography 
of Ebstein’s disease is limited but there is 
no doubt that the hemodynamic features of 
this condition are better appreciated by 
cine rather than serial film methods. Precise 
knowledge of the anatomy of the right 
ventricle is a necessary prerequisite to any 
attempt at surgical correction. 


Victor Deutsch, M.D. 

Department of Radiology 

Tel-Aviv University Medical School 
Heart Institute 

Chaim Sheba Medical Center 

Tel Hashomer, Israel 
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CONGENITAL AVALVULAR PULMONARY ARTERY 
AND INFANTILE LOBAR EMPHYSEMA* 


A DIAGNOSTIC CORRELATION 


By SETH A. BORG, M.D.,t LIONEL W. YOUNG, M.D.,t end GARRY D. ROGHAIR, M.D.t 
ROCHESTER, NEW YORK AND POCATELLO, IDAHO 


ABSTRACT: 


Some cardiovascular lesions may result in tracheobronchial obstruction and many 
of these will commonly be associated with infantile lobar emphysema (ILE). By 
contrast a relatively smaller percentage of cases of ILE results from vascular com- 
pression. 

We offer a new term, “congenital avalvular pulmonary artery (CAPA),” to de- 
scribe the complex of the absent pulmonary valve and the concomitant marked 
pulmonary artery dilatation because CAPA is more descriptively inclusive of the 
abnormality of the artery beyond the valve. 

The diagnostic correlation of CAPA and ILE is of considerable importance since 
the initial presentation of CAPA is usually as ILE and the recognition of a triangular 
or rounded hilar density should raise suspicion for CAPA even before clinical signs 


become evident. 


Differential diagnosis must include other causes of ILE including infantile lobar 


emphysema with bronchial atresia. 


Co absence of the pulmo- 
nary valve or congenital avalvular pul- 
monary artery (CAPA) is a well recognized 
entity and its relationship to simple and 
complex cardiovascular anomalies is well 
documented.. Similarly well docu- 
mented are the multiple etiologies of in- 
fantile lobar emphysema (ILE) .1%14.20.35,30 
Commonly, ILE may herald the presence 
of CAPA. It is the purpose of this paper to 
correlate the diagnostic aspects of CAPA 
and ILE from the perspective of a review of 
the literature and 3 case reports. 


REPORT OF CASES 


Case 1. M.S. (Strong Memorial Hospital 
(SMH) #65-50-33), a girl infant of a gravida 2, 
para 2, Ig year old mother, was delivered by 
footling breech at Rochester General Hospital 
and weighed 3,280 grams. Dyspnea and cya- 
nosis were evident and systolic and diastolic 
murmurs were auscultated. An anteroposterior 
chest roentgenogram (Fig. 14) 45 minutes 
after birth showed a shift of the heart toward 
the left, diffuse, hazy aveolar and interstitial 


opacification of the right lung, and a central 
angular density at the right hilum. Digitaliza- 
tion was begun at 2 hours of age, but was dis- 
continued because of arrhythmia with oc- 
casional 2:1 heart block on the third day of 
life. 

Because of suspected cardiac disease the in- 
fant was transferred at 9 days of age to Strong 
Memorial Hospital (SMH) and on admission 
tachycardia (pulse: 168 per minute) and dys- 
pnea (respiration: 60 per minute) with mild sub- 
sternal retractions were present. Breath sounds 
were poorly heard on the left and were coarse 
on the right. A Grade ur/v1 diastolic murmur 
was heard in the left second interspace and a 
Grade 1v/v1 systolic murmur was heard over 
the entire percordium but loudest at the apex. 
There was no first heart sound but a single 
second sound was heard at the left lower sternal 
border. The systolic blood pressure was 86 
mm. of Hg in both arms. An anteroposterior 
chest roentgenogram (Fig. 1.8) clearly demon- 
strated emphysema of the right middle lobe 
and secondary right upper and lower lobe 
atelectasis. A central right hilar density was 
present. . 


* From the Division of Diagnostic Radiology, University of Rochester Medical Center/Strong Memorial Hospital, Rochester, New 
Yorkf and Department of Radiology, Bannock Memorial Hospital, Pocatello, Idaho.t 
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Over the next few days there were periodic 
bouts of respiratory distress, particularly with 
feeding. On the tenth day of life a right thora- 
cotomy was performed and the upper and 
lower lobes were found to be compressed and 
displaced by the overexpanded right middle 
lobe. The middle lobe showed minimal air ex- 
change and was resected. Although the speci- 
men showed gross and microscopic emphysema, 
normal cartilaginous development was noted 
in the resected bronchial segment. The immedi- 
ate postoperative course was characterized by 
improvement in the respiratory studies. 


Fic, 1. Case 1. (4) Anteroposterior chest roentgeno- 
gram at 45 minutes of life. Heart and mediastinum 
are shifted to the left. A generalized hazy opacifica- 
tion (aveolar and interstitial) of the right lung and 
a large angular density at the center of the right 
hilum are present. (B) Anteroposterior chest roent- 
genogram at 9 days of age. Retained fluid of the 
right lung field has cleared. Cardiac and mediasti- 
nal displacement persist. Right middle lobe em- 
physema and right upper and lower lobe atelectasis 
are evident. The central hilar density is still 
present. 


Congenital Avalvular Pulmonary Artery 
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Fic. 2. Case 1. Anteroposterior chest roentgenogram 
approximately 2 weeks post right middle lobec- 
tomy. Note the massive right pulmonary artery, 
the enlarged heart, and central vascular engorge- 
ment. Right lower lobe emphysema is now present. 


On the 23rd day of life the infant became 
dusky and showed substernal retractions and 
dyspnea (respiration: 60 per minute). A chest 
roentgenogram (Fig. 2) demonstrated right 
lower lobe emphysema and a large central hilar 
density apparently representing an aneurys- 
mally dilated right pulmonary artery. 

Cardiac catheterization revealed an oxygen 
step-up in the right ventricle and systemic 
pressures. Right atrial pressure was normal. 
Angiocardiography showed dilated main and 
right pulmonary arteries (Fig. 34), ventricular 
septal defect (VSD), and pulmonary insufh- 
ciency. The hugely dilated pulmonary artery 
compressed the right lower lobe bronchus as 
well as the right atrium. Intermittent tachy- 
pnea and cyanosis followed, and during another 
episode of respiratory distress the patient suc- 
cumbed at age 73 days. 

At postmortem examination (limited to the 
heart and lung.) an overexpanded right lower 
lobe was noted with pleural surface blebs and 
intra-alveolar hemorrhage. Although chronic 
inflammatory changes in the right main bron- 
chus were noted, there was no evidence of 
bronchial cartilage abnormality. In the heart 
there was a small VSD high in position with 
enlarged right cardiac chambers and normal 
left chambers. Miniscule tags of tissue were 
present, apparently remnants of pulmonary 
valve leaflets (Fig. 3B) and the main and right 
pulmonary arteries were markedly dilated. 


Fic. 3. Case 1. (4) Anteroposterior view of frame 
from cine angiocardiogram at 23 days of life. Note 
marked dilatation of main and right pulmonary 
arteries. (B) Postmortem photograph of heart sec- 
tioned to reveal the pulmonic valve. The pul- 
monary valve leaflets are replaced by a thin band 
of tissue with no commissurae. Note also the 
thickened right ventricular wall. 


These are the findings of congenital avalvular 
pulmonary artery (CAPA). 

Comment. The neonatal presentation of a 
unilateral opaque lung associated with cardiac 
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and mediastinal contralateral displacement is 
an often observed phenomenon of infantile 
lobar emphysema in the neonate.!? Its occur- 
rence in this infant indicates that the phenome- 
non may occur both in the intrinsic or idio- 
pathic form of ILE as well as in the extrinsic 
compression form, specifically CAPA in this 
case. 

Despite the removal of the emphysematous 
right middle lobe and transient abatement of 
tachypnea, the aneurysmal dilatation of the 
main and right pulmonary arteries compressed 
the residual lower lobe bronchus and caused 
development of emphysema of the lower lobe. 


Case 11. M.R. (SMH #84-27-15.) This 4,400 
gm. male infant was vaginally delivered at term 
following a normal pregnancy of his gravida 
4, para 2 with 1 abortion, 30 year old mother. 

During the second day of life the infant de- 
veloped tachypnea and a Grade 111/vı to and 
fro murmur along the right upper sternal bor- 
der. An electrocardiogram revealed abnormally 
notched p-waves. Anteroposterior and lateral 
chest roentgenograms (Fig. 4, 4 and B) re- 
vealed apparent dextrocardia, a very enlarged 
left pulmonary artery, and marked hyperaera- 
tion of the left upper lobe. His pulse was 160- 
180 per minute, and acrocyanosis of the hands 
and feet was noted. Blood pressure in all ex- 
tremities was normal (90/60). 

On the fifth day of life cardiac catheteriza- 
tion and cardiac angiocardiography showed 
normal ventricular and great vessel relation- 
ships in the dextroposed heart. A small VSD, 
high in position with simultaneous filling of the 
aorta and pulmonary arteries and with aneurys- 
mal dilatation of the left pulmonary artery was 
present (Fig. 5, 4 and B). There was an ap- 
proximate 50 mm. Hg gradient between the 
right ventricle and pulmonary artery. These 
findings were consistent with tetralogy of Fallot 
with congenital avalvular pulmonary artery 
(CAPA). Soon thereafter, the infant began ex- 
periencing periodic cyanotic episodes. Pro- 
panalol reduced the frequency of these episodes 
without affecting their severity. 

Five days following the infant’s discharge, at 
4 weeks of age, he was again hospitalized with 
increasing, severe and frequent cyanotic spells. 
These were controlled with changes in his 
Propanalol dosage. Throughout this interval 
the chest roentgenograms were not significantly 
changed although there was a suggestion of 
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slight decrease in the left upper lobe hyper- 
aeration. 

At 43 months of age, following several hos- 
pital admissions for control of the cyanotic 
spells, the infant suffered another severe cya- 
notic episode and was pronounced dead on 
arrival at the emergency department. 

At autopsy, the pulmonary annulus was 
stenosed with absence of valve leaflets. The 
aorta overrode a high posterior membranous 
VSD subadjacent to the posterior mitral leaflet. 


= 





Fic. 4. Case u. (4) Anteroposterior and (B) left 
lateral chest roentgenograms at 48 hours of age. 
Dextrocardia, huge left pulmonary artery and left 
upper lobe emphysema are demonstrated. 
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Fic. 5. Case 11. (4) Anteroposterior and (B) lateral 
roentgenograms from cardiac angiogram show di- 
lated main and left pulmonary arteries. There are 
hyperaeration and apparent hypovascularization 
of the left upper lobe. 


The pulmonary artery was dilated (4 cm. in 
circumference). The media showed a marked 
decrease in elastic fibers. The right ventricular 
wall was thickened at the infundibulum; how- 
ever, there was no stenosis. Hyperinflation of 
the left upper lobe secondary to compression 
of the left main bronchus was noted, and the 
cartilage of the left upper lobe bronchus was 
normal both grossly and microscopically. 
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Comment. We do not know why this patient 
had such a dextroposed heart, since it does not 
appear that the lobar emphysema and the di- 
lated pulmonary artery were severe enough to 
account for dextrocardia. We note that Con- 
tro and associates’? first case was almost iden- 
tical to this patient and apparently was also 
a dextroposition type of dextrocardia (dextro- 
cardia without chamber inversion). 

The roentgenographic appearance of left 
upper lobe emphysema and a triangular density 
in the left hilum may also be caused by bron- 
chial atresia, bronchocele, and left upper lobe 
hyperaeration,!® and consequently that com- 
plex may be an important differential diag- 
nostic consideration. 


Case 11. J.P. (SMH #78-87-71.) This 3,384 
gm. male infant, the term product of an un- 
eventful pregnancy and delivery of a gravida 2, 
para 2, 36 year old, woman, was born at a hos- 
pital in Watertown, New York. A Grade 
111/v1 systolic heart murmur heard best at the 
left sternal border was discovered soon after 
birth. An electrocardiogram obtained at that 
time revealed extreme right axis deviation. 

At the time of the first well baby examina- 
tion the murmur was louder and the infant was 
referred to SMH. The infant was small, mod- 
erately well nourished, and without cyanosis. 
A Grade 111/vi systolic ejection murmur was 
heard at the left sternal border with radiation 
to the left axilla and to the back and there was 
an absent pulmonary component of the second 
heart sound. The liver was palpable to 3 cm. 
below the right costal margin. An electrocardio- 
gram demonstrated an axis of —70 to —75 de- 
grees with a Wolff-Parkinson-White conduc- 
tion defect. The heart was normal in size, and 
pulmonary vascularity was normal as evi- 
denced by the chest roentgenogram. The im- 
pression was that he had a “precyanotic”’ form 
of tetralogy of Fallot. 

Subsequently, at 5 months of age, he was 
mildly cyanotic at rest and a to and fro murmur 
was present. There was normal atrioventricular 
conduction. A chest roentgenogram obtained 
during his hospital admission at g months of 
age, revealed moderate cardiomegaly with 
mild upper lung congestion. The right lower 
lung appeared hypovascular. 

At 12 months of age he developed left upper 
lobe pneumonia, right upper lobe atelectasis, 
and hyperaeration of the right middle and 
lower lobes. He appeared chronically ill and 
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was below the third percentile for head circum- 
ference and height. He was treated for pneu- 
monia which cleared, and 3 weeks later chest 
roentgenograms with barium in the esophagus 
(Fig. 6, 4 and B) showed hyperlucency of the 
right lower lobe and right middle lobe, and an 
enlarged right hilar shadow was present. 

Cardiac catheterization and angiography 
demonstrated a VSD with 50 per cent left to 
right shunt, and right ventricular pressure at 
systemic levels. No pulmonary valve leaflets 
were evident, and aneurysmal dilatation of the 
proximal right pulmonary artery as well as 
mild left pulmonary artery dilatation were 
present (Fig. 6, C and D). Marked narrowing of 
the main pulmonary artery just proximal to the 
bifurcation and significant narrowing of the 
pulmonary outflow tract at the pulmonary 
annulus were seen. 

For the next 2 years he fared rather poorly 
with frequent “bronchitic” and wheezing epi- 
sodes requiring hospitalizations. He was cya- 
notic but had not been in clinical congestive 
failure during these episodes. At 24 years of age 
he was transferred to SMH for therapy of a 
lower respiratory tract infection. Hyperaera- 
tion of the right middle lobe, an enlarged right 
pulmonary artery and cardiomegaly were evi- 
dent on an admission chest roentgenogram. 

He was discharged shortly thereafter only to 
be readmitted 1 month later for a second cardiac 
catheterization. At this time a bidirectional 
VSD was present. Angiography prior to total 
intracardiac repair of the tetralogy of Fallot 
revealed an adequate pulmonary infundibulum 
and there was no significant change as com- 
pared to the first catheterization. 

At surgery, his main pulmonary artery was 
normal but the right pulmonary artery was 
3 times normal size. The right ventricle was 
hypertrophied and a 1.6 cm. VSD was present. 
There were small “‘nubbins”’ of tissue between 
which was a small commissure in the region of 
the pulmonary valve, and the annulus was 1 
cm. at its widest point. He withstood the sur- 
gery well and prior to discharge there was a 
noticeable decrease of the right middle lobar 
emphysema. He is currently being followed as 
an outpatient by the pediatric cardiology group. 

Comment. Why this child failed to manifest 
lobar emphysema earlier in infancy is somewhat 
of an enigma and one may only speculate as to 
the possibilities. Perhaps the pulmonary annu- 
lar narrowing and the more distal main pul- 
monary artery stenosis delayed a hemodynamic 
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Fic. 6. Case 111. (4) Anteroposterior chest roentgenogram with barium in esophagus at 12 months of age. 
There is hyperlucency of the right lower lobe and right middle lobe. An enlarged right hilar vascular shadow 
is present. There is vascular congestion in the left upper lobe without emphysema. (B) Left lateral chest 
roentgenogram with barium in esophagus. Note indentation upon and displacement of the esophagus by 
the pulmonary arteries and the heart. (C) Anteroposterior view of carciac angiogram (12 months of age). 
Note dilated pulmonary arteries. (D) Left lateral view of cardiac angiogram (12 months of age). Note the 
absence of the pulmonary valve leaflets along with the huge central pulmonary arteries. 


418 


state which would have otherwise intervened. 
This would have resulted in the usual early 
manifestation of pulmonary artery dilatation 
and subsequent compression of the bronchus. 
Another possibility is that miniscule valve 
leaflets despite their anatomic minuteness, 
might have been enough of an impediment 
to flow to temporarily forestall the more usual 
early pulmonary artery dilatation. Progression 
from a normal appearance of aeration to one 
of frank emphysema seems to be more fre- 
quent with extrinsic causations of infantile 
lobar emphysema (ILE). 


DISCUSSION 


Congenital avaloular pulmonary artery 
(CAPA): Absence of the pulmonary valve 
leaflets was first reported in 1847 by 
Chevers® and was subsequently definitively 
described by Kurtz et al!" in 1927. Since 
that time there have been over 70 cases re- 
ported i in the literature. %:2)-3.27.34 This entity 
occurs either as an isolated defect or, more 
commonly, associated with other cardio- 
vascular anomalies, usually ventricular sep- 
tal defect or tetralogy of Fallot.?!®* In 
1965 Ruttenberg eż al.” reviewed 38 cases 
of absence of the pulmonary valve leaflets, 
27 of which had associated VSD with 20 
of the 27 also having tetralogy of Fallot. 

Other associated cardiovascular anom- 
alies that have been described with absence 
of the pulmonary valve include patent 
ductus arteriosus,” single coronary artery, 
common atrioventricular canal, tricuspid 
atresia, mitral atresia, double-outlet right 
ventricle,’ and aneurysm of the sinus of 
Valsalva.” 

Embryologically, CAPA may be due to 
an unequal division of the truncus arteriosus 
as suggested by, Campeau et .al.ë Simonds?’ 
earlier. suggested that maldirection of the 
aortic septum resulted in improper division 
of the endocardial cushion, the precursor of 
the pulmonary cusps. VSD, overriding 
ar and pulmonary stenosis may also 
resul§ from abnormal position of the aortic 
septtim. This cardiovascular developmental 
malformation which occurs approximately 
in the 7th week of gestation (the period of 
truncal division), does not appear to be di- 
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rectly the cause for either the pulmonary 
artery dilatation or the bronchial obstruc- 
tion. 

Miller et al!” suggested an associated 
muscular weakness at the base of the pul- 
monary artery to account for the dilatation 
seen in infants. Subsequently, Ruttenberg 
ct al? reported 2 cases of CAPA with 
tetralogy of Fallot with 1 of these patients 
having a mosaic pattern of the elastic fibers 
of the pulmonary trunk. Elastic fiber dis- 
ruption or absent pulmonary artery media 
—-as in our third case—has also been de- 
scribed. This appears to support the pos- 


- sibility of primary arterial wall weakness to 


account in part for the aneurysmal dilata-_ 
tion of the pulmonary artery. 

The mechanism of primary arterial weak- 
ness versus a hemodynamic etiology is an 
intriguing problem. Barger ef a/.1 destroyed 
the pulmonary valves in dogs and subse- 
quently found no decrease in work toler- 
ance or arterial dilatation up to 3 months 
following surgery. This observation appears 
to indicate that acquired pulmonary in- 
sufficiency alone does not contribute to 
pulmonary artery dilatation. Others have 
suggested that a rather precarious situation 
exists whereby isolated pulmonary valve in- 
sufficiency alone may not result in cardiac 
decompensation. However, in complicated 
conditions with proloriged increase of pres- 
sure, flow increase resulting from left to 
right shunting or complex cardiac disease 
may well result in cardiac failure." How- 
ever, the neonate with absence of the pul- 
monary valve does develop aneurysmal 
dilatation of the artery. This perhaps is re- 
lated to the high pulmonary resistance in 
utero and at birth combined with high 
volume secondary to VSD, PDA, or both, 
contributing to right ventricular strain, 
with ultimate cardiac decompensation. The 
presence of infundibular stenosis is also a 
factor and may contribute to poststenotic 
dilatation of the pulmonary artery.” 

We have chosen to label the entity of ab- 
sence of the pulmonary valve and the con- 
comitant pulmonary artery dilatation as 
congenital avalvular pulmonary artery 
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(CAPA). This more aptly describes the 
valvular malformation and the pulmonary 
arterial changes that invariably are present 
or develop. 

Infantile lobar emphysema and CAPA: 
Since the first case of infantile lobar em- 
physema was noted by Bartholinus in 1687 
(cited by Koontz!® in 1925) scores of such 
cases have been reported.!% 1420.24.30 Four- 
teen per cent of these patients have asso- 
ciated cardiovascular anomalies, usually 
ventricular septal defect or patient ductus 
arteriosus.2” A few patients present con- 
comitantly with complex cardiovascular 
disease, which includes congenital avalvular 
pulmonary artery (CAPA), and nearly half 
of these have tetralogy of Fallot. All of our 
cases have tetralogy of Fallot. 

Several authors during the past 2 decades 
have addressed themselves to the question 
of the etiology of infantile lobar emphysema 
(ILE). Almost half of the reported cases to 
date have been classified as being idio- 
pathic. Half of Hendren and McKee’s" 113 
cases, and more than a third (38 per cent) 
of Stovin’s®® 45 cases fall into this grouping. 
Other authors, Campbell? and Lincoln 
et al. 18 have found a greater than expected 
incidence of bronchial dysplasia. One hun- 
dred per cent of Campbell’s 12 cases and 78 
per cent of Lincoln eż a/.’s 28 patients had 
pathologically demonstrated bronchial ab- 
normality. Campbell found either small 
amounts of bronchial cartilage abnormal 
for the patient’s age or increased bronchial 
flaccidity. He suggested, as did Jones eż al.!5 
and Stovin,®° that with more proximal re- 
section of the involved bronchial branches 
a greater number of cases of ILE may be 
found to have abnormal bronchial cartilage. 

Third in order of frequency in most 
series!*?9 is the category of intrinsic bron- 
chial obstruction, a manifestation of mucus 
plugging or intrabronchial mucosal hyper- 
trophy. 

Finally, as demonstrated by our 3 cases, 
extrinsic bronchial compression has been 
defined as a mechanism for bronchial ob- 
struction. Eight per cent of patients with 
ILE will have extrinsic lesions according to 
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Hendren and McKee" and Murray.”° 

Extrinsic compression of the tracheo- 
bronchial tree is usually the result of car- 
diac abnormality or vascular anomaly. 
Specific areas of the tracheal and bronchial 
tree are particularly susceptible to com- 
pression by abnormally large or aberrant 
adjacent vascular structures and these have 
been well described.”:*® If compression oc- 
curs early enough in utero, such as would 
be the case with the dilated main pulmo- 
nary artery of CAPA, and prior to develop- 
ment of cartilage in the tracheobronchial 
tree at about the 12th week of fetal de- 
velopment, then it is conceivable that a 
combination of extrinsic compression and 
intrinsic cartilaginous abnormality could 
exist. In CAPA the extrinsic compression is 
commonly at the trachea or either main 
bronchus.” 

Those congenital heart lesions causing 
pulmonary artery enlargement are particu- 
larly associated with development of lobar 
emphysema, predominantly right middle 
lobe and left upper lobe. In addition to 
these is the vascular sling (anomalous origin 
of the left pulmonary artery from the right 
side of the main pulmonary artery). From 
this anomalous origin the vessel passes 
anterior to the right bronchus and courses 
behind the trachea and in front of the 
esophagus.% Robertson and James” re- 
ported aneurysmal dilatation of a right 
pulmonary vein in a 9 month old infant in 
association with lobar emphysema. Lincoln 
et al.8 mention a 2 week old infant with left 
upper lobar emphysema secondary to a di- 
lated azygos vein, the azygos continuation 
of the left inferior vena cava, arching over 
and compressing the left main bronchus. 

Contro et al.8 described 2 cases of pul- 
monary artery aneurysm encircling the 
right main bronchus and trachea as com- 
pressing lesions. Although the authors do 
not mention pulmonary valve leaflets, we 
wonder if these might be CAPA and we are 
especially intrigued by the similarity of 
presentation of Contro and co-worker’s 
first case and our second case. 


The association of ILE and CAPA is 
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probably more frequent than the literature 
indicates, since this presentation or com- 
plication may have inadvertently not been 
mentioned. For example, note Figure 2C 
in the paper of Pernot et al.” in which right 
lobar emphysema is evident. We suspect 
that many cases of CAPA in infancy will 
have either clinical or roentgenologic mani- 
festations of lobar emphysema and submit 
that it is important that this be recognized 
since the management of the patient may 
be significantly affected by its presence. 
Differential diagnosis includes other causes 
of ILE, but the presence of a large central 
hilar density should raise suspicion for 
CAPA. There can be a striking similarity 
of ILE secondary to CAPA and ILE asso- 
ciated with bronchial atresia,*! since both 
may show an ipsilateral hilar mass density. 
The patients with bronchial atresia are usu- 
ally asymptomatic in early childhood but 
presentation in infancy has been reported.*! 
When they present, as usual, in mid or late 
childhood or as adults, bronchography 
should be a part of their work-up, and no 
bronchial branch filling takes place beyond 
the atresia. Bronchography is seldom neces- 
sary and is probably contraindicated in 
lobar emphysema of infancy but if em- 
ployed should show a patent bronchial tree. 


Lionel W. Young, M.D. 
Pediatric Radiology 

Division of Diagnostic Radiology 
Strong Memorial Hospital 

260 Crittenden Boulevard 
Rochester, New York 14642 
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ABSTRACT: 


Because chemical and transcatheter embolizations for control of bleeding were in- 
appropriate, electrocoagulation through a guidewire was used for arterial occlusion. 
The power was alternating current. The effectiveness of the procedure was confirmed 
by arteriograms done immediately and 5 months later. 


IN Oh Orea aye treatment of gas- 
trointestinal bleeding utilizing angio- 
graphic techniques has become a frequent 
roentgenologic procedure. Vasopressin in- 
fusion and embolic occlusion of vessels are 
techniques which can effectively control 
hemorrhage in a wide variety of circum- 
stances, but both techniques generally have 
an effect on vessels adjacent to the artery 
responsible for the hemorrhage. Recently 
we encountered a clinical situation in which 
neither vasopressin infusion nor trans- 
catheter embolization appeared to be the 
appropriate method of treatment. As an 
alternative, a guidewire was advanced into 
the artery responsible for the hemorrhage 
and a clinical alternating current electro- 
coagulation unit was employed to super- 
selectively occlude that artery. 


REPORT OF A CASE 


A 58 year old man with a 12 year history of 
pancreatitis was admitted to the surgical ser- 
vice of Westminister Hospital on July 31 with 
complaints of weakness, fatigue, and abdominal 
pain of 2 years’ duration, accentuated in the 
past 4 months and much worse in the last 2 
weeks. Black, tarry stools had been noted for 2 
months. On admission, hemoglobin was 3 
grams per cent with a hematocrit of 11, and 
stool samples were positive for occult blood. 
Endoscopic examinations and barium studies 
of the upper and lower gastrointestinal tract 
were negative on 2 occasions. Symptomatic 


therapy with packed red blood cells and whole 
blood transfusions was initiated. 

On September 17, a diagnostic laparotomy 
did not uncover the source of bleeding but a 
hard mass in the head of the pancreas was 
noted. Occult bleeding had stopped temporarily 
but recurred by October 7. Further endoscopic 
and barium studies were again unrewarding. 
On October 18, an arteriogram identified a 
pseudoaneurysm (17 mm. in diameter) in the 
head of the pancreas as the probable source of 
the chronic recurrent hemorrhage. On October 
27, a pancreaticoduodenectomy was under- 
taken, but extensive fibrosis prevented removal 
of the pancreatic head. Active hemorrhage 
through the ampulla of Vater was observed. 
Postoperatively, bile peritonitis due to duode- 
nal perforation necessitated another surgical 
procedure and 2 duodenal drainage tubes were 
brought out through the anterior abdominal 
wall. The proximal loop of jejunum was necrotic 
and required resection. Fresh blood was re- 
turned from the duodenal tube daily indicating 
continuing hemorrhage from the pseudoaneu- 
rysm. By November 21, the patient had re- 
ceived a total of 64 units of blood as transfu- 
sions. Arteriography was repeated with the in- 
tention of occluding the pseudoaneurysm with 
Gelfoam emboli. The pseudoaneurysm had 
doubled in diameter since the earlier arterio- 
gram and now measured 35 mm. in diameter 
(Fig. 1B). The artery leading to the pseudo- 
aneurysm was Clearly identified (Fig. 14), but 
could not be entered superselectively. Because 
of the acute angle which the artery to the pseu- 
doaneurysm made with the gastroduodenal ar- 
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Fic. 1. (4) Common hepatic artery injection, early arterial phase. The gastroduodenal artery is filled with 
contrast material and there is clear delineation of the artery leading to the pseudoaneurysm in the head of 
the pancreas (arrow). (B) Gastroduodenal artery injection, mid-arterial phase. Dense opacification of the 
pseudoaneurysm in the head of the pancreas. The pseudoaneurysm had doubled in diameter to 35 mm. 


since the arteriogram of 34 days earlier (not shown). 


tery, and because of the recent postoperative 
perforation of the duodenum and necrosis of the 
jejunum, it was feared that embolization of the 
gastroduodenal artery could result in signifi- 
cant duodenal ischemia due to distal branch oc- 
clusions. A guidewire, 0.038 inches in diameter 
with a “J” shaped tip (3 mm. radius), was ad- 
vanced through the catheter in the gastroduo- 
denal artery and the tip of the guidewire was 
positioned in the artery leading to the pseudo- 
aneurysm. A reference plate was attached to 
the patient’s back (Fig. 2). A Valley-Lab clini- 
cal electrocoagulation unit (model SSE-2J) on 
a coagulation setting of 2.5 was touched to the 
guidewire protruding from the femoral artery 
for 3 seconds. The guidewire was then removed 
and a contrast medium injection through the 
catheter demonstrated persistent patency of 
the pseudoaneurysm. This procedure was re- 
peated at a setting of 4 and was again unsuc- 
cessful. A setting of 7 was then used for 24 sec- 
onds and resulted in a stabbing pain of mild to 





Fic. 2. The catheter used tor arteriography remains 
in the gastroduodenal artery. A “J” shaped guide- 
wire, 0.038 inches in diameter, has been passed 
through the catheter, and the tip of the guidewire 
is positioned in the artery leading to the pseudo- 
aneurysm. Five mm. of the guidewire protrude 
from the tip of the catheter. A reference plate has 
been attached to the right side of the patient’s 
back. 


424 


R. E. Gold, D. C. Blair, J. B. Finlay and D. W. B. Johnston Ocroszr, 1975 





Fic. 3. (4) Gastroduodenal artery injection, mid-arterial phase following electrocoagulation. The artery 
leading to the pseudoaneurysm is occluded (straight arrow). The gastroduodenal artery distal to the site 
of electrocoagulation is markedly narrow and irregular (curved arrow). No opacification of the pseudo- 
aneurysm occurred. (B) Gastroduodenal artery injection, mid-arterial phase, 30 minutes after the previous 
study shown in (4). The gastroduodenal artery has been completely occluded at the site shown earlier to 
be narrowed. Retrograde thrombosis has occurred to the level of origin of the posterior superior pancreatico- 


duodenal artery (arrow). 


moderate severity in the middle of the patient’s 
back. The catheter and guidewire were left in 
place for 20 minutes. The guidewire was then 
easily withdrawn and a contrast medium injec- 
tion demonstrated complete occlusion of the 
artery leading to the pseudoaneurysm and 
marked irregularity and compromise of the gas- 
troduodenal artery opposite the origin of the 
occluded vessel (Fig. 34). A repeat gastroduo- 
denal artery study 4 hour later revealed com- 


plete occlusion of the gastroduodenal artery 
with retrograde thrombosis to the origin of the 
posterior superior pancreaticoduodenal branch 
(Fig. 38). A superior mesenteric arteriogram 
was then performed demonstrating excellent 
fill of both the proximal gastroduodenal artery 
and the portion of that vessel distal to the 
occlusion through the pancreaticoduodenal 
branches. Excellent fill of duodenal branches 
was apparent on the superior mesenteric arteri- 
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ogram (Fig. 4). Since this procedure, no blood 
loss into the gastrointestinal tract has occurred. 
The length of follow-up is presently 9 months. 
The patient was discharged from the hospital 
12 weeks after the procedure. A follow-up ar- 
teriogram 5 months after the procedure dem- 
onstrated continued occlusion of the gastro- 
duodenal artery. An aneurysm of the proximal 
portion of the gastroduodenal artery has de- 
veloped (Fig. 5). Superior mesenteric branches 
continue to provide good blood flow to the 
duodenum (not shown). 


DISCUSSION 


This patient presented with the unusual 
problem of chronic recurrent hemorrhage 
from a pseudoaneurysm in the head of the 
pancreas. The pseudoaneurysm presumably 
had eroded into the pancreatic ductal sys- 
tem, as bleeding into the gastrointestinal 
tract was occurring through the ampulla of 





Fic. 4. Superior mesenteric arteriogram performed 
after the studies shown in Figure 3, mid-arterial 
phase. Extensive collateral flow to both the prox- 
imal (curved arrow) and distal (straight arrow) 
portions of the gastroduodenal artery. The length 
of gastroduodenal artery that had been occluded 
measured 3 cm. Duodenal blood supply is com- 
pletely intact. No opacification of the pseudo- 
aneurysm occurred. 
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Fic. 5. Hepatic artery injection 20 weeks after the 
occlusion of the artery to the pseudoaneurysm. 
The gastroduodenal artery has remained occluded 
in its mid-portion. An aneurysm of the proximal 


gastroduodenal artery has developed. 





Vater. A number of similar cases has been 
reported, but to our knowledge no pre- 
vious report of non-surgical management 
of this type of lesion has appeared. 
Embolization of the gastroduodenal ar- 
tery has been shown to produce ischemic 
changes in the mucosa! and because of the 
recent mobilization of the duodenum in our 
patient, followed by a postoperative per- 
foration of the duodenum and necrosis of 
jejunum, we had reason to suspect pre- 
existing compromise of the duodenal vascu- 
lar supply. The acute angle that the artery 
to the pseudoaneurysm made with the 
gastroduodenal artery (Fig. 14) made it 
likely that a large volume of emboli would 
be required to occlude the vessel. For these 
reasons, transcatheter embolic occlusion of 
the pseudoaneurysm was considered un- 
safe. Transarterial electrocoagulation of 
the artery leading to the pseudoaneurysm 
provided the selectivity of vascular occlu- 
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sion required in this case. A clinical alter- 
nating current electrocoagulation unit was 
immediately obtainable. Direct current 
electrothrombosis is at present a technique 
that has been more extensively investi- 
gated’ but a satisfactory power source was 
not readily available. Preliminary experi- 
mental studies of our own using alternating 
current coagulators have pointed out sev- 
eral factors which contributed to the suc- 
cess of the procedure and several dangers 
inherent in the method, some of which 
have been previously reported.’ 

Early experiments on dogs have prompted 
us to change our technique of electrocoagu- 
lation. An ammeter has been connected in 
series with the clinical electrocoagulation 
unit. Coagulation is initiated on the lowest 
setting on the unit for 5 seconds. If the 
milliamperage (mA) reaches a peak value 
and then decreases within those 5 seconds, 
the coagulation is repeated twice more at 
that setting for 5 seconds each with a 15 
second interval between each coagulation. 
The guidewire is then withdrawn and an 
arteriogram is performed. If the mA does 
not decrease from its peak in the first 5 
seconds, the setting is increased in steps 
until coagulation in the first 5 seconds re- 
sults in mA reaching a peak and then 
falling. At that setting, the coagulation is 
performed a total of 3 times, as described, 
before performing an arteriogram to check 
on the result. Effective mA has been in the 
250 to $00 mA range. Further increases in 
either mA or time can result in perforation 
of the vessel. It has also become apparent 
that using our present catheters (external 
diameter of 1.6 to 2.2 mm.) and guide- 
wires (usually 1.0 mm. in diameter) there 
is a severe limitation in the size of the ves- 
sels that can be safely and reproduceably 
occluded. Vessels the same size or smaller 
than the catheter can be readily and safely 
occluded, but in these vessels the catheter 
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or guidewire is virtually in a wedged po- 
sition. The results in vessels larger than the 
catheter are variable, but more often than 
not, attempts at occluding them are un- 
successful. 

An important element in the safety of 
the procedure may be the internal regula- 
tory circuitry in the coagulator units. A 
voltage limiting circuit, when present, can 
prevent a significant rise in voltage with 
increases in the resistance through which 
the current is passing. If peak milliamper- 
age is restricted to 500 milliamperes and 
coagulation is performed at the lowest 
setting that results in mA reaching a peak 
and then decreasing, early studies suggest 
that the technique is effective and safe in 
small arteries. Engineering appraisals, in 
vivo animal studies and in vitro analyses, 
are presently underway to define thor- 
oughly the factors that would establish this 
technique as a safe and effective clinical 
method of effecting transcatheter occlu- 
sions of vessels. 


R. E. Gold, M.D. 
Department of Radiology 
University Hospital 
London, Ontario, Canada 
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ARTERIOGRAPHIC MANIFESTATIONS OF 
ABDOMINAL SITUS INVERSUS* 
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ABSTRACT: 


The arteriographic findings are described and the embryology is discussed in a 
rare case of situs inversus of the abdominal viscera combined with reversed rotation 
of the bowel. The arteriogram correctly localized the precise site of hemorrhage in 
this perplexing case, and a complex surgical problem was simplified. 


OCALIZATION of the source of un- 
complicated acute lower gastrointesti- 
nal hemorrhage remains a difficult and 
frequently frustrating diagnostic dilemma. 
When the case is complicated by abnormal 
intestinal rotation, the situation may be 
baffling at laparotomy. 
The case described below combines these 
2 diagnostic problems. A woman with situs 
inversus of the abdominal viscera com- 
bined with reversed rotation of the bowel 
presented with acute lower intestinal bleed- 
ing. Emergency preoperative angiography 
accurately localized the site of hemorrhage 
and the abnormal location of the cecum in 
this rare case. 


REPORT OF A CASE 


A.C., a 73 year old female, was admitted to 
the University of Virginia Hospital on May 30, 
1974 with a 1 day history of acute rectal bleed- 
ing. She denied abdominal pain or emesis. 

The patient’s previous medical history was 
significant. She had experienced several epi- 
sodes of minor lower gastrointestinal bleeding 
in the past. Roentgenograms of the gastro- 
intestinal tract performed in 1971 demon- 
strated multiple diverticula of the sigmoid 
colon. Situs inversus of the abdominal viscera 
was also shown. The stomach was on the right 
and the entire small bowel was located in the 
right side of the abdomen (Fig. 1). The colon 
occupied a position in the left side of the abdo- 
men (Fig. 2). The heart was located in its 
normal position on the left. The bleeding sub- 


sided spontaneously after each episode and she 
did well until the afternoon of admission. 

Physical examination on admission revealed 
an elderly, pale, restless woman with a heart 
rate of 96 and a supine blood pressure of 130/60 
mm. Hg. Hyperactive bowel sounds were 
present. Shortly after admission, however, she 
became markedly hypotensive with a blood 
pressure of g0/o mm. Hg. 

A gastric aspirate contained no blood. Proc- 





Fic. 1. Upper gastrointestinal series shows the 
stomach and the small bowel on the right. 
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Fic. 2. Barium enema examination demonstrates the 
entire colon located in the left side of the abdomen. 


toscopy demonstrated dark blood in the rectum 
but failed to reveal the source of hemorrhage. 
The hematocrit was 34 per cent on admission. 
Despite the rapid transfusion of 3,000 ml. of 
blood, the hematocrit dropped to 30 per cent. 

An emergency percutaneous angiogram was 
performed. Selective injection of the superior 
mesenteric artery (Fig. 3) demonstrated that 
the jejunal and ileal branches originated from 
the right side of the artery. The right colic and 
ileocolic vessels branched from the left side of 
the superior mesenteric artery and supplied 
the cecum and ascending colon in the left 
lower quadrant. Massive extravasation of con- 
trast material was seen at the junction of the 
cecum and ascending colon. The venous phase 
showed the liver in the left upper quadrant 
(Fig. 4). 

At celiotomy a blood-filled colon was found 
but no active bleeding site was identified. Ex- 
ploration of the abdomen revealed that the liver 
and gallbladder were located in the left upper 
quadrant and abdominal situs inversus was 
present. The entire colon was on a free mesen- 
tery. Marked diverticulosis was noted in the 
sigmoid colon. A few scattered diverticulae 


C. J. Tegtmeyer, F. S. Hust and T. E. Keats 


OCTOBER, 1975 


were noted in the ascending colon. A hemico- 
lectomy was performed. 

Gross and histologic study of the colon re- 
vealed diverticulosis of the terminal ileum and 
ascending colon. 


DISCUSSION 


Situs inversus has intrigued physicians 
and confused the unwary since this rare 
condition was first described by Aristotle. 
Seventy-six of the 1,551,047 patients who 
registered at the Mayo Clinic from 1910 
through 1947 were found to have complete 
situs inversus.’ Isolated abdominal situs 
inversus is an even rarer condition. 

The colon in our patient is on the left side 
and is associated with situs inversus of the 
abdominal viscera. The liver and entire 
colon are on the left and the stomach is on 
the right. A review of the literature has re- 
vealed only 2 other cases. Van Meurs re- 
ported a similar case and described it as an 
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Fic. 3. Subtraction film of the selective superior 
mesenteric arteriogram shows the branches sup- 
plying the small bowel originating from the right 
side of the artery. The right colic and ileocolic 
vessels branch from the left side of the artery. Ex- 
travasation of contrast material is seen at the 
junction of the cecum and ascending colon (arrows). 
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example of nonrotation. McIntosh and 
Donovan‘ also described a similar case and 
called the anomaly malrotation with situs 
abdominalis partialis. 

The problem of anomalies of the intesti- 
nal tract is a complex and intriguing sub- 
ject. A knowledge of the embryology is 
necessary to understand the vagaries of 
intestinal rotation. There are conflicting 
reports as to what actually occurs during 
the first and second stages of intestinal 
rotation because direct proof is as yet al- 
most impossible to obtain. These conflict- 
ing opinions account for the varied termi- 
nology used in describing these cases. 

The fetal alimentary tract is a straight 
tube suspended by a dorsal mesentery at 
about the fourth week of life. By the fifth 
week it can be divided into the foregut, 
midgut, and hindgut, according to the 
blood supply it receives. These areas are 
supplied by celiac axis, the superior mesen- 
teric, and inferior mesenteric arteries, re- 
spectively. The midgut grows rapidly, 
forming a loop which extends into the um- 
bilical sac. The midgut is divided into pre- 
arterial and postarterial segments accord- 
ing to its relationship to what is to become 
the superior mesenteric artery. 

The first stage of rotation is generally 
accepted as the period of umbilical cord 
herniation. Authorities differ on the se- 
quence of rotation. However, all authori- 
ties agree that the total rotation in the first 
2 stages is 270° counterclockwise. 

The first stage of rotation occurs be- 
tween the fifth and tenth weeks of embry- 
onic life. Estrada? subdivides this stage 
into the substage of deviation and the sub- 
stage of realignment. During each sub- 
stage the midgut, which is supplied by the 
superior mesenteric artery, rotates 90° 
counterclockwise, making a total rotation 
of 180° in the first stage. 

The second stage occurs during the tenth 
week and lasts only a short period of time. 
The prearterial segment leaves the umbili- 
cal sac first and enters to the right of the 
artery. The hindgut is pushed by the small 
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Fic. 4. Subtraction technique film of venous phase 
of superior mesenteric arteriogram shows the 
mesenteric vein entering the portal vein (small 
arrows). The liver is in the left upper quadrant. 
The large arrow shows extravasated contrast me- 
dium in the proximal ascending colon. 


bowel to the left, forming the descending 
colon. When the cecum and terminal ileum 
return to the abdominal cavity, they lie 
anterior to the artery. There is an addi- 
tional 90° of counterclockwise rotation dur- 
ing this stage. The superior mesenteric ar- 
tery thus comes to lie anterior to the third 
portion of the duodenum and posterior to 
the transverse colon completing the 270° of 
counterclockwise rotation. The third stage 
is the stage of descent and fixation of the 
colon. 

In understanding our complex case, ac- 
cording to Estrada, “the important thing 
is not which side of the abdominal cavity 
the colon is on, but the relationship of the 
colon to the stomach and liver.” 

The colon is on the left side and associ- 
ated with situs inversus of the abdominal 
viscera. The liver and entire colon are on 
the left and the stomach is on the right. 
Estrada? feels this rare anomaly is best 
termed situs inversus with reversed rota- 
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tion. This occurs during the second stage. 
The substage of deviation occurs normally 
with a go° counterclockwise rotation. 
However, during the substage of realign- 
ment a 180° clockwise rotation of the mid- 
gut occurs. The net rotation is 90° clock- 
wise. In the second stage the prearterial 
segment is reduced first from the umbilical 
sac. The small intestine is forced to the 
same side as the stomach. The cecum and 
ascending colon enter the abdomen and lie 
on the same side as the liver, which is on 
the left in abdominal situs inversus, and 
the terminal ileum enters the cecum from 
the left side. 

The mesenteric vessels form the axis of 
intestinal rotation in the embryo. Thus, 
the vascular architecture reflects the posi- 
tion of the abdominal viscera. By examin- 
ing the position and orientation of the 
mesenteric vessels, the localization of the 
organs can be correctly identified and the 
type of intestinal rotation can be predicted. 
The arteriogram correctly localized the 
abdominal viscera in our case. The branches 
of the superior mesenteric artery were re- 
versed. The vessels supplying the small 
bowel branched from the right side of the 
superior mesenteric artery and supplied 
the small bowel on the right side of the ab- 
domen. The vessels supplying the colon 
originated from the left side of the artery. 
The venous phase is important because it 
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correctly localized the position of the liver 
in the left upper quadrant of the abdomen. 
By tracing the course of the superior mesen- 
teric artery, the site of hemorrhage was 
easily localized in the ascending colon. 

The arteriographic studies confirmed the 
findings demonstrated on the previous 
barium studies and localized the site of 
hemorrhage. The angiogram was then uti- 
lized as a road map at laparotomy to direct 
the surgeon to the precise site of hemor- 
rhage. A complex and potentially danger- 
ous surgical problem was simplified by 
arteriography. 

Charles J. Tegtmeyer, M.D. 
Department of Radiology 


University of Virginia Medical Center 
Charlottesville, Virginia 22901 
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ABSTRACT: 


In 120 patients who had 127 transumbilical catheterizations of the portal vein, 
33 of pancreatic veins, and 15 for other portal tributaries, the surgical success rate 
was gI per cent over-all, increasing to 95 per cent during the last year. Catheteriza- 
tion was made with the same technique as is used for arteriography. The most im- 
portant complication was thrombosis of the portal vein, giving slight transient symp- 
toms in 2 patients. Other complications were wound infection, suture granuloma, 
herniation in the linea alba, bleeding from the operative wound, and subintimal 
injections. As the technique may yield good results in studies of drug resorption, 
flow studies, detection of metastases, and investigation of pancreatic veins, it seems 
justified in suitable patients despite the complication rate. None of the complica- 


tions produced lasting disability. 


f bee transumbilical approach to the 
portal vein system has been used for: 
portography of cysts, abscesses, and me- 
tastases; flow measurements in the splanch- 
nic area; decompression in portal hyperten- 
sion; infusion of cytostatics and antibiotics; 
resorption studies; sampling of metabolites 
and hormones; and pancreatic phlebog- 
raphy. As we have routinely investigated 
the portal vein and especially its tributaries 
for 3 years, our technique and the complica- 
tions will be presented and analyzed. 


MATERIAL 


Seventy-seven males and 43 females, of 
an age range between 16-86 (mean 58) 
years, were examined with portography 127 
times. In 48 cases tributaries of the portal 
vein were also catheterized. All but 6 pa- 
tients had been or were to be treated for 
malignant disease, mostly carcinoma of the 
rectum or sigmoid, and the usual question 
was whether or not the liver contained me- 
tastases. 


METHOD 


Operative technique. The umbilical cord 
in 106 of the 120 cases was exposed extra- 


peritoneally by a supra-umbilical midline 
incision under local or general anesthesia 
and reopened with a probe. In 14 patients 
the peritoneal cavity was opened in order 
to perform the umbilical vein cannulation. 
A soft PVC catheter (infant-feeding tube, 
8 F, Argyle, England) with end-hole was 
introduced. The umbilical vein was then 
sutured to the linea alba in order to avoid 
dislodgement of the cord into the abdomen. 

Roentgen technique. The interval between 
the operation and the roentgenological 
examination was 0-3 days (mean 2 days). 
Recannulation was made after I and 2 
years, respectively, in 2 patients. Under 
fluoroscopic control a 160 guidewire with a 
flexible and precurved tip was introduced 
into the portal system via the infant-feeding 
tube. The tube was withdrawn and re- 
placed by a thin-walled Odman-Ledin ra- 
diopaque catheter (ID/OD 1.4/2.2) with 
the tip curved about 80 degrees 3-4 cm. 
from the tip. Generally the catheter had 
2 side-holes close to the tip, and in several 
cases there was also a side-hole about 6 cm. 
from the tip of the convex surface of the 
catheter to allow easier flow of contrast 
medium into the left branch of the portal 
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Fic. 1. Demonstration of the veins of the head of the 
pancreas and some duodenal veins. Note the vary- 
ing caliber of the duodenal veins: these are normal. 


vein. After introduction it was easy in most 
cases to rotate the curved guidewire or the 
tip of the catheter into the main portal 
vein and then to advance it to a suitable 
site. In supine position, portograms were 
obtained regularly in anteroposterior pro- 
jection; often roentgenograms in prone po- 
sition in anteroposterior and lateral projec- 
tions were added. Elema-Schoénander cut 
film changers were used and the series was 
5/5, 8/4, and 3/6. Forty ml. of contrast 
medium (Isopaque Cerebral, Nyco, Nor- 
way) were injected at a rate of about Io 
ml./sec. using a high pressure syringe. 

In most patients the catheter was then 
exchanged for one without side-holes but 
with a curved tip for catheterization of pan- 
creatic (Fig. 1), gastroduodenal (Fig. 2), 
jejunal, ileal and colon veins (Fig. 3). For 
further details regarding this technique 
see Göthlin et al., 1974.” In these patients 
10 ml. of contrast medium were injected by 
hand. Finally, a new catheter was intro- 
duced and left with its tip in the main por- 
tal vein for metabolic studies. 
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RESULTS 


In 134 attempts to cannulate the umbili- 
cal vein, 122 succeeded (91 per cent). Dur- 
ing the last year the failure rate was 5 per 
cent. In 5 patients it was impossible to 
identify the original lumen of the umbilical 
vein, and in 4 patients the probe perforated 
the vein wall without causing complication. 
In 2 patients the infant-feeding tube 
slipped out of the umbilical vein and could 
not be replaced, and in 1 case the infant- 
feeding tube had no end-hole and thus 
could not be exchanged to permit other 
studies. In several cases the portograms in 
the anteroposterior projection did not 
demonstrate the veins of the left lobe suffi- 
ciently and the patient was then changed 
to a prone position and the examination re- 
peated. Sometimes selective catheterization 
of the left branch was necessary. In most 
cases, when pancreatic veins were to be 
catheterized, the study was successful 


(Fig. 1). 
COMPLICATIONS (Table 1) 


Wound infection was encountered in 7 
patients. All healed within 10 days. There 
were no signs of systemic infection in any 
patient. 

Suture granuloma was encountered in 7 
patients. 





Fic. 2. Normal gastroduodenal veins. 
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Herniation in the linea alba occurred in 6 
patients, of whom 2 had symptoms requir- 
ing repair of the hernia. 

Bleeding from the operative wound oc- 
curred in 4 patients. In 2 of them tampon- 
ade stopped the bleeding while in the other 
2 subcutaneous ligation of bleeding vessels 
was carried out. One patient had pro- 
nounced melena of unknown cause for 1 
day after the portography. Since then the 
patient has been well. There was no sig- 
nificant bleeding after catheter withdrawal, 
which was made stepwise during half an 
hour. 

Thrombosis occurred in the main portal 
vein in I patient and in another patient in 
the right branch of the portal vein: 


Case 1. Female, age 60, with carcinoma of the 
large bowel. At the first portography (Fig. 44), 
there is extensive thrombosis of the left portal 
branch. Heparin therapy was carried out for 6 
days. For 3 days the patient experienced slight 
upper abdominal pain, and an elevation of the 
body temperature to a maximum 38.1° C was 
registered. For the same period there was a 
slight elevation of alkaline phosphatase and 
transaminase activity. Bilirubin was normal. 
After 3 days the patient felt well and portog- 
raphy (Fig. 4B) revealed improved blood flow 
to the left lobe of the liver. Follow-up revealed 
entirely normal liver function. 


Case 11. Male, age 64, with large bowel car- 
cinoma. At portography a small thrombus in 
the main right portal branch (Fig. 5) was re- 


Fic. 3. Normal veins of the transverse colon. Besides 
the transumbilical portal catheter, a gastric tube 
has been inserted. 


Transumbilical Catheterization of the Portal Vein 
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Fic. 4. (4) Thrombosis in the stem and the branches 
of the left portal vein. (B) Two days later there is 
resolution of the thrombus although remnants are 


left. 


vealed. The patient experienced no pain but 
had a fever to 38.0° C. On 1 occasion there was 
a slight elevation of alkaline phosphatase while 
other liver function tests were normal. Treat- 
ment with heparin was given for 1 week. At 
follow-up the liver function was normal. 


In the patients where thrombosis within 
the left branch was suspected or evident, 
the patients felt well and there were no ab- 
normalities in the liver function tests 
(bilirubin, alkaline phosphatase, lactic de- 
hydrogenase and serum glutamic oxalacetic 
transaminase). 

Lack of filling with contrast medium in 
parts of the left hepatic lobe (Fig. 6; and 7) 
occurred in 8 patients, and most of these 
were considered to have thrombosis. Sub- 
intimal injection and extravasation were 
seen in 12 cases. In 8 patients this occurred 
in the main portal vein or its left branch. 
The most extensive subintimal injection is 
demonstrated in Figure 8). 


DISCUSSION 


Successful cannulation of the umbilical 
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Fic. 5. Small thrombus in the stem of the 
right portal branch. 


cord was made in 91 per cent of the cases in 
our series. Several authors do not state 
their rate of success. However, Lavoie et 
al. in 1966, Braastad et al.! in 1970, and 
Kessler et al. in 1973 had about the same 
rate as we have had. White eż a/.!° in 1966 
and Watts and Douglas? in 1971 reported a 
lower rate due evidently to the composition 
of their patient sample. Several of the 
authors state that the failure rate decreases 
with increasing experience, and we can con- 
firm this opinion. In the latter half of our 
series, failure was unusual. The time factors 
must also be borne in mind: if a surgeon 
tries long enough the likelihood of success 
will increase, but such factors as the dura- 
tion of the anesthesia and the danger of 
perforating the umbilical cord must be 
considered. 

No serious complication in connection 
with the cannulation occurred. One reason 
may be that our patients were compara- 
tively healthy. Perforation of the umbilical 
vein wall without sequelae has been re- 
ported by most authors and in our material 
we have the same experience. To perforate 
the portal vein, on the other hand, may be 
fatal, as reported by Watts and Douglas? 
in 1971 and Kessler ef a/.? in 1973. Wound 
infections, bleeding at the cannulation site, 
and hernias in the linea alba are other less 
serious complications reported, although 
repair of the hernias has been necessary as 
reported by Piccone ef al. in 1968 and 
Kessler et al.’ In our series also, 2 patients 
out of 6 required hernia repair. 
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TABLE | 
Number 
Complications of 
Patients 


ini 
Wound infection 7 
Suture granuloma 7 
Herniation in the linea alba 6 
Bleeding from the operation wound 4 
Melena I 
Thrombosis IO 
Main portal vein I 
Right branch I 
Left branch 8 
Subintimal injection or extravasation 12 
Main portal vein 6 
Right branch Oo 
Left branch 2 
Umbilical vein 2 
Pancreatic veins 2 


The principal hazard of transumbilical 
catheterization is thrombosis, especially if 
the catheter is allowed to stay in the portal 
vein for a considerable time, despite the fact 
that Storer and Akin® in 1966, Piccone et 
al.’ in 1967, and Kiessling eż a/.4 in 1972 en- 
countered no problems using heparin treat- 
ment. Occurrence of thrombosis has been 
reported by Kessler eż a/.3 and Wiechel and 
associates! in 1974, and complete recovery 
followed. In our cases it is worth noting 
that the thrombosis in Case 11 (Fig. 5) was 





Fic. 6. Thrombosis of 2 branches to the left lobe of 
the liver with complete obstruction of 1 of them. 
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very small and that the fever and transient 
increase of alkaline phosphatase may have 
been caused by something else. In Case 1 
the thrombus began to dissolve during 
heparin treatment (Fig. 48). The remain- 
ing cases with incomplete filling of parts of 
the left lobe of the liver (Fig. 6; and 7) with 
contrast medium may in some cases be due 
to layering. It is important to examine the 
patient in a prone position as well, or to 
make a selective injection of the left portal 
branch to confirm the diagnosis. Selective 
examination has been advocated by Pic- 
cone et a/.,’ among others. In the cases with 
a definite thrombosis, however, no subject- 
ive or objective symptoms were evident. 
The left branch of the portal vein is most 
susceptible to thrombosis where the um- 
bilical vein enters it and where there may 
be some rough surfaces following cannula- 
tion. Experience indicates that one should 
be aware of the peril of thrombus formation 
but that it is not a contraindication to the 
examination. 

We have found it useful to apply the 
same technique in catheterization of the 
portal vein and its tributaries as in arteriog- 
raphy and venography. The Odman-Ledin 
catheters and flexible guidewires are easy 
to manipulate and in most cases the de- 
sired sites are possible to reach, e.g., pan- 
creatic veins for phlebography and sampl- 
ing of blood.? The 2 episodes of extravasa- 
tion that have occurred in connection with 
this examination did not give the patients 
any symptoms. 
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Fic. 7. Thrombosis of the main left branch of the 
portal vein. The flow of contrast medium to the 
left lobe of the liver is slower than to the right. 


Transumbilical Catheterization of the Portal Vein 
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Fic. 8. Extravasation of contrast medium in the main 
portal vein. This extravasation was the most ex- 
tensive found. 


ie, 


Recannulation I to 2 years after the first 
approach was made in 2 of our patients 
without difficulties. Kessler et al. made re- 
peat cannulations in 24 patients. 

In removing the catheter from the um- 
bilical vein we recommend stepwise with- 
drawal as has been advocated by Braastad 
et al. and Wiechel and associates." We have 
had no bleeding from the umbilical vein 
after catheter withdrawal. 

Finally, we believe that access to the 
portal system va the umbilical vein is 
reasonable. The technique is safe and is to 
be preferred in hospitals where the trans- 
hepatic technique has not been or cannot 
be developed. With good technique the only 
complication to be considered is thrombosis 
and this resolves without sequelae. 


Jan Göthlin, M.D. 

Department of Diagnostic Radiology 
University Hospital 

S-221 85 Lund 

Sweden 
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By YACOV ITZCHAK, M.D., M.Sc.,tt MICHAELA MODAN, M.Sc.,§ 
RAFAEL ADAR, M.D.,|| and VICTOR DEUTSCH, M.D. 


TEL HASHOMER, ISRAEL 


ABSTRACT: 


Blood flow in the left external iliac artery was measured by means of a densito- 
metric technique in 21 patients with arteriosclerosis of the lower extremities and in 
21 controls. Normal flow volumes were (mean + S.D.) 604+ 104 ml./min. for males 
and 478 +ml./min. for females. Flow volume was significantly lower in the patients 
with ischemia of the legs. There was no correlation between flow volume through 
the artery and the degree of stenosis at its narrowest point. The diameter of the 
iliac artery and the flow volume were significantly larger in males than in females; 
however, flow velocity was significantly larger in females. 


CCURATE assessment of the circula- 
tion of the lower extremities is essen- 
tial in reconstructive vascular surgery. The 
clinical examination will indicate the sever- 
ity of the ischemia and routine angiography 
will supply morphological information. Not 
infrequently, however, in the presence of 
several lesions of different severity along 
the arterial tree, more accurate information 
regarding the volume of flow through the 
different segments would be helpful in de- 
termining the correct plan of action. 

A recent modification of cineangiodensi- 
tometry has enabled us to study flow vol- 
ume and velocity through segments of the 
arterial tree in patients.’ This study is per- 
formed at the time of routine angiography 
and does not necessitate a separate cathe- 
terization. 

The present report describes the results 
of flow measurements through the external 
iliac arteries of 21 normal subjects and 21 
patients with clinical arteriosclerosis ob- 
literans of the lower extremities. 


MATERIAL AND METHOD 


Our method has been previously de- 
scribed.® It consists of cineangiographic 
recording of the artery in question during 


injection of a bolus of contrast material, 
and a densitometric evaluation of the 
washout of this material at 2 selected sites 
along the vessel using an optic electronic 
system. This densitometric analysis yields 
2 indicator dilution curves. The time inter- 
val between these 2 curves corresponds to 
the transit time of the bolus between the 2 
points along the vessel. 

By measuring the diameter of the vessel 
and the distance between the 2 points, 
flow volume and velocity can be derived: 


Flow volume = Volume/Time=77°L/T 
Flow velocity = L/T 

Where ¢ is the radius of the vessel, L is 
the distance between the 2 points and T 
is the transit time. 


This densitometric system for flow mea- 
surement has been shown to be both ac- 
curate and reproducible iv vitro with an 
error of +5 per cent. 

The examination is performed by cathe- 
terization of the femoral artery using the 
Seldinger technique. The tip of the catheter 
is advanced above the bifurcation of the 
aorta. Twelve cc. of dye are injected and a 
cineangiographic recording of the left ex- 
ternal iliac artery is performed. The 
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Fic. 1. Distribution of blood flow volume in external iliac artery in males and females over the age of 50, 
with and without clinical arteriosclerosis obliterans of the lower extremities. 


planned angiography is then completed 
with the same catheter. 

Twenty-one subjects over the age of 50 
(12 males and g females) with no symptom 
or sign of vascular disease of the lower ex- 
tremities were studied during abdominal 
angiography performed for evaluation of 
non-acute conditions. These 21 patients 
were used as controls (“‘normals’’). 

Twenty-one patients over 50 (14 males 
and 7 females) with moderate to severe 
intermittent claudication due to arterio- 
sclerosis obliterans were studied during 
aortography performed as part of the pre- 
operative evaluations (“patients”). 

Statistical methods: Comparison of mean 
blood flow volume was performed by the 


Mann-Whitney non-parametric test be- 
cause of unequal variances in the various 
groups. Comparisons of mean diameter 
and flow velocity were performed using the 
f test. 


RESULTS 


The value for blood flow volume (ml./ 
min.) for the 21 normals and 21 patients is 
given in Figure 1. The mean blood flow 
volume for the normal males was 604 
(ml./min.) with a s.d. of 104.5 and go per 
cent tolerance limits for 90 per cent of the 
population 353-855. For the normal fe- 
males the respective values were 478 + 54.1 
for the mean and s.d., and 336-620 for the 
tolerance limits. For the male patients the 
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TABLE Í 


INDIVIDUAL VALUES FOR DIAMETER OF EXTERNAL ILIAC ARTERY, DIAMETER AT ITS NARROWEST 
POINT, AND BLOOD FLOW VELOCITY IN PATIENTS 
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Case No. Sex Age 
$; M 52 
2. M 54 
ie M 56 
4. M 57 
5. M 58 
6. M 58 
T, M 64 
8. M 64 
9. M 65 

IO. M 66 
iE; M 67 
12. M 68 
19. M 71 
14. M 71 
15. F 54 
16. F 55 
i7. F 60 
18. F 61 
Ig. F 61 
20. F 64 
21. F 69 


Diameter 


Flow Volume 
(ml./min.) 


Narrowest Point 


(mm.) (mm.) 
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323 
298 
415 
410 
420 
394 
389 
317 
323 
462 
436 
370 
315 
406 
310 
281 
346 
323 
506 
305 
277 
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mean and s.d. were 377+52.6 and for the 
female patients 335 +78.9. The mean blood 
flow volume for the patients was signifi- 
cantly lower than for the normals. (For 
males p (Mann-Whitney) <0.0001, and for 
females p (Mann-Whitney) <o.o1.) The 
mean blood flow volume for females was 
significantly lower than for males in both 
normals (p (Mann-Whitney) <0.01) and in 
patients (p (Mann-Whitney) =0.04.) 

Individual values of flow volumes, di- 
ameter of the external iliac artery, and the 
diameter of the vessel at its narrowest point 
in the 21 patients are given in Table 1. The 
correlation between the degree of narrow- 
ing and flow volume is plotted in Figure 2. 
The absence of correlation between these 2 
variables is striking (r=0.014). 

The mean diameter and blood flow veloc- 
ity (in cm./sec.) for the 21 normals is 
given in Table 11. For the diameter in males 
the mean and s.d. were 7.72+0.87 mm. 
and for females they were 6.37 +0.59 mm. 


For the blood flow velocity in males the 
mean and s.d. were 21 +4.29 cm./sec. and 
for females they were 26+ 4.64 cm./sec. 

Whereas both diameter and blood flow 
volume were significantly larger in males 
than in females (for diameter p[f] <0.001; 
for flow volume p (Mann-Whitney) <o.o1!), 
blood flow velocity was significantly lower 
in males (p[¢] =0.02). 


DISCUSSION 


The results of flow measurements in this 
series fall within the range of results of flow 
measurements performed by several other 
methods.! 34 Our results for flow volume in 
normals are higher than in some series?’ 
and approach the levels recorded by Ganz 
et alt 

The advantage of the present method is 
that it does not necessitate an additional 
intervention, and can be performed during 
routine angiography. 
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Fic. 2. Correlation of blood flow volume with diameter at the point of greatest narrowing of the external 
iliac artery in males (black triangles) and females (black dots), with arteriosclerosis obliterans of the 
lower extremities. 


TABLE II 


INDIVIDUAL VALUES FOR DIAMETER OF EXTERNAL ILIAC ARTERY, BLOOD FLOW 
VELOCITY AND BLOOD FLOW VOLUME IN NORMALS 





Diameter Flow Velocity Flow Volume 
Case No. Sex Age (mm.) (cm./sec.) (ml./min.) 
Ñ; M SI 7.8 24.1 695 
k M 54 6.9 25.9 581 
ce M 55 7.6 19.9 615 
4. M 56 6.6 28.5 585 
(A M 58 9.1 18.1 711 
6. M 60 7.8 s ee 640 
a, M 63 8.3 3.5 438 
8. M 67 8:3 ie e 620 
9. M 68 6.5 23:7 766 
io. M 70 6.7 19.6 415 
rt, M 72 8.2 16.7 528 
I2: M 74 8.4 19.6 654 
13. F 54 5.4 ai i, 435 
tá. F 55 6.1 30.0 512 
Te. F 61 5.8 26.0 405 
16. F 63 6.6 23.1 479 
17. F 64 7.2 91.0 510 
18. F 66 (ee 20.0 485 
Ig. F 69 6.1 Ss P 578 
20. F 71 6.6 23.6 484 
21 F 78 6.4 27.0 415 
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The absence of correlation between the 
degree of stenosis of the external iliac artery 
and the flow volume was not unexpected. 
The degree of narrowing of the diameter in 
the anteroposterior projection in these pa- 
tients was not extreme and exceeded 50 per 
cent in only 1 patient. With this degree of 
narrowing, the effect of the peripheral re- 
sistance on flow appears to be more marked 
than the effect of the decrease in diameter. 
This explains relatively large flow volumes 
in some patients with a considerable nar- 
rowing of the vessel, as well as low flow 
volumes in some patients with a relatively 
minor narrowing. For this reason an an- 
giographically demonstrated decrease in 
the diameter of a blood vessel in 1 projec- 
tion cannot be considered in any way as an 
index of flow. 

The lower flow volumes in females, both 
in normals and in patients, is probably re- 
lated to the smaller muscle mass of the 
lower extremities. The higher flow velocity 
in females has not been stressed previously, 
and might possibly be a compensatory ef- 
fect for the smaller diameter. Further data 
obtained from different vascular beds and 
using other methods of flow velocity mea- 
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surement may contribute to an under- 
standing of this observation. 


Victor Deutsch, M.D. 

Department of Diagnostic Radiology 
Chaim Sheba Medical Center 

Tel Hashomer, Israel 
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ABSTRACT: 


Detailed angiographic findings in 2 cases of proved sprue are described. There 
are dilatation of the supertor mesenteric artery and its small bowel branches selec- 
tively, and increased capillary blush. Early draining into dilated veins is also noted. 
These findings are similar to those of the superior mesenteric arteriogram performed 
with pharmacological vasodilators. This similarity suggests that the dilated vessels 
in non-tropical sprue may be due to capillary dilatation. 


ON-TROPICAL sprue is one of the 

common malabsorption syndromes. 
The small bowel roentgenographic findings 
in sprue are well described in the literature. 
However, we could find only 1 reference in 
the English language literature which de- 
scribed the angiographic findings of sprue.’ 
Recently we have seen 2 patients who had 
abdominal angiography and were proved to 
have non-tropical sprue. The purpose of 
this communication is to report the details 
of the superior mesenteric angiographic 
findings in these 2 patients. 


REPORT OF CASES 


Case 1. (M.K.) This 42 year old white male 
was admitted with a history of a 14 lb. weight 
loss during the previous 2 months and with 
anemia. Upper gastrointestinal and small bowel 
studies done elsewhere disclosed a grossly ab- 
normal small bowel pattern with the suggestion 
of nodularity involving the proximal small 
bowel. He always had had a good appetite but 
complained of feeling weak. The stool had 
changed to loose and greasy for a while; then it 
became normal in character and frequency 
(once a day) without any specific treatment for 
the last several weeks. Physical examination on 
admission showed a temperature of 102°F. and 
slight distention of the abdomen. Laboratory 
tests showed a hemoglobin of 10.7 gm., white 
blood cell count 6,700 with normal differential, 
and slight elevation of alkaline phosphatase 
(107 mU/cc.). Urinalysis was within normal 
limits. D-xylose absorption was 2.2 gm. in 5 


hours (normal: greater than 5 gm. per 5 hours). 
Chest roentgenograms showed no-abnormality. 
Upper gastrointestinal study showed a dilated 
second portion of the duodenum with the sug- 
gestion of extrinsic pressure along the superior 
and lateral aspects of the apex of the bulb. The 
small bowel was moderately to markedly di- 
lated with several areas of intermittent intus- 
susception and scattering of barium (Fig. 1). 
These findings were consistent with sprue. On 
duodenoscopic examination, there was a large 
extrinsic mass along the lateral aspect of duod- 





Fic. 1. Case r. The small bowel is dilated. Scattering 
of barium and several areas of intermittent intus- 
susception are seen. 


* From the Department of Radiology, the Graduate Hospital of the University of Pennsylvania, Philadelphia, Pennsylvania. 
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enum. A biopsy of the duodenum showed flat- 
tened villi consistent with non-tropical sprue. 
However, the 14 lb. weight loss during the last 
2 months and normal bowel habits persuaded 
the attending physician to search for a possible 
hidden malignancy. A lymphangiogram showed 
no abnormality. 

Abdominal angiography was performed, and 
on the mid-stream aortic injection, the superior 
mesenteric artery was large, measuring 1.2 cm. 
in diameter (abdominal aorta measured 1.7 
cm.) (Fig. 24). Selective catheterization of the 
superior mesenteric artery showed that the 
main superior mesenteric artery and most of the 
jejunal and ileal branches were markedly di- 
lated (Fig. 2B). However, the right and middle 
colic arteries were normal in diameter. There 
was a diffuse but somewhat patchy increased 
capillary blush of the small bowel wall. No 
irregularity of the arteries was noted and the 
arterial phase was otherwise normal. At 7 sec- 
onds, the superior mesenteric vein was opacified 
while arterial capillaries were still seen (Fig. 
2C). The superior mesenteric vein and its 
branches were well opacified and dilated (Fig. 
2D). The patient was subjected to exploratory 
laparotomy. At operation, there was rather dif- 
fuse mesenteric lymphadenopathy with lymph 
nodes of varying sizes. Marked hypervascular- 
ity of the mesentery of the small bowel was 
noted. The smal] bowel itself was dilated, atonic 
and somewhat thickened. Several areas of in- 
tussusception were found. A full-thickness 
biopsy of jejunum as well as removal of mul- 
tiple lymph nodes was performed. Histologic 
examination showed non-tropical sprue and re- 
active hyperplasia of multiple lymph nodes. 
The patient was discharged on gluten-free diet 
and has been gaining weight. 


Case 1. (J.G.) This 55 year old white male 
was admitted, with complaints of occasional 
diarrhea and small caliber stool, for further 
study of his malabsorption syndrome. He had 
been hospitalized elsewhere in August, 1974, 
for ecchymoses on the skin of his neck, face, and 
thigh. Non-tropica] sprue was proved by small 
bowel biopsy. He had been on gluten-free 
diet, with added folic acid, iron, and Vita- 
min K without much help. His diarrhea was 
watery and yellowish but not foamy. He claimed 
that food did not alter his diarrhea. Physical 
examination was essentially within normal 
limits. The abdomen was soft and not dis- 
tended, and no abnormal mass was felt. The 
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bowel sounds were active. His blood cell count 
was normal. Serum albumin was 2.4 gm., alka- 
line phosphatase was 230 mU/cc., and uric acid 
was 8.9 mg. per cent. Stool examination for 
parasites and ova was negative. Chest roent- 
genogram and barium enema examination were 
within normal limits. An upper gastrointestinal 
and small bowel examination demonstrated 
marked dilatation of the small bowel with scat- 
tering of barium (Fig. 3). The small bowel find- 
ings were consistent with sprue but because of 
the history of lack of improvement with a 
gluten-free diet, other possibilities were con- 
sidered. Abdominal angiography was done as 
part of his work-up. 

The superior mesenteric artery as well as 
most of the small bowel branches were mark- 
edly dilated (Fig. 44). The right and middle 
colic arteries were normal in diameter. In- 
creased diffuse but patchy capillary blush was 
noted in the entire small bowel wall. The arte- 
rial phase was otherwise normal. The superior 
mesenteric vein as well as its branches were 
well opacified early at 8 seconds and were di- 
lated (Fig. 4B). A review of the previous biopsy 
confirmed that changes were consistent with 
non-tropical sprue. The attending physician 
asked the patient’s wife (who is a nurse) to 
bring the samples of all the food they purchased 
at the health food store. To the physician’s 
surprise, the foods were gluten-rich instead of 
gluten-free. The patient was discharged with a 
gluten-free diet. Follow-up bowel study after 
1 month showed marked improvement in the 
abnormalities. The patient is now almost 
asymptomatic. 


DISCUSSION 


The role of mesenteric angiography in 
the evaluation of the malabsorption syn- 
drome is not established. There are a few 
reports of angiographic findings of inflam- 
matory bowel disease, mainly Crohn’s dis- 
ease and ulcerative colitis. Boijsen de- 
scribed a widened superior mesenteric ar- 
tery, poor opacification of the superior 
mesenteric vein, and no evidence of shunt- 
ing in sprue.” Our observations of these 2 
cases differ slightly from those of Boijsen. 
In the aortic injectign, the superior mesen- 
teric artery is much wider than normal 
compared to the other arteries. In the ar- 
terial phase of the superior mesenteric 
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artery injection, there is selective dilatation 
of jejunal and ileal branches. The right 
colic and middle colic branches of the supe- 
rior mesenteric artery are normal in caliber. 
There is diffuse but somewhat patchy in- 
creased blush in the small bowel wall during 
the capillary phase. The entire superior 
mesenteric venous system and portal vein 
are dilated, seen early, and well opacified. 

The etiology of dilatation of the mesen- 
teric vasculature in non-tropical sprue is 
not certain. It probably reflects an aspect 
of the pathophysiology of the disease be- 
cause of the selective dilatation. Because 
non-tropical sprue may be due to an al- 
lergic phenomenon,’ Boijsen suggested that 
the dilated superior mesenteric artery prob- 
ably represents vasospasm in the small 
bowel villi where blood is short-circuited to 
the veins.” Our observation of increased and 
rather diffuse capillary blush of the small 
bowel is difficult to explain on the basis of 
vasospasm and short-circuiting of blood. 
The dilated superior mesenteric artery and 
vein, increased blush of the small bowel 
wall, and early and good opacification of 
veins are seen in the superior mesenteric 
arteriogram with vasodilative pharmaco- 
logical agents.*’? The superior mesenteric 
angiograms in our 2 cases of sprue are quite 
similar to those of pharmacoangiography 
with vasodilators. This similarity suggests 
that the capillaries are dilated, either due 
to vasodilatation secondary to the disease 
itself or possibly to increased demand for 
blood. An allergic or toxic aspect of non- 
tropical sprue might be responsible for the 
capillary dilatation. 

It is not certain what would happen to 
the dilated vessels in non-tropical sprue 
when the patient becomes asymptomatic. 
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Fic. 3. Case 11. The small bowel is markedly dilated, 
and scattering of barium is also seen. 


It is conceivable that the vessels might be- 
come normal or less dilated when sprue is 
controlled long enough. 

Diffuse hypervascularity of the small 
bowel may not be unique in sprue. Seg- 
mental dilatation of branches of the mesen- 
teric artery has been described in chronic 
inflammatory bowel diseases, such as 
Crohn’s disease, ulcerative colitis, and ac- 
tinomycosis.!+6 Not only were those ar- 
teries supplying the diseased segments di- 
lated, but other abnormal findings, such as 
irregular, tortuous vessels or abnormal 
tapering were present. Abnormal vascula- 
ture is seen with tumors, but is relatively 
localized. Lymphosarcoma of the small 
bowel may be diffuse but is generally not 
more than minimally hypervascular and 





<—« 


Fic. 2. Case 1. (4) Mid-stream aortic injection. Arrows show markedly dilated superior mesenteric artery. 
(B) The selective superior mesenteric artery injection demonstrates dilated small bowel branches (large 
arrows) and normal colic branches (small arrows). (C) At 7 seconds, the superior mesenteric vein and its 
branches are opacified (arrows) as well as the portal vein, while arterial capillaries are still seen. There 
is increased capillary blush of the small bowel wall. (D) At 10 seconds, excellent opacification of the mesen- 


teric vein and its branches is seen. 
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Fic. 4. Case 11. (4) Selective superior mesenteric artery injection demonstrates dilatation of the superior 
mesenteric artery and its small bowel branches (large arrows); the colic branches are normal (small 
arrows). (B) At 11 seconds, the superior mesenteric vein and its branches are well opacified and dilated. 
An increased capillary blush is seen in the small bowel wall, displaced by the air-filled sigmoid. 


may present irregular or displaced vessels. 
Mesenteric angiography thus can be 
helpful for evaluation of the malabsorption 
syndrome, especially as with our 2 patients 
where it was important to rule out tumor. 


Won S. Cynn, M.D. 

Department of Radiology 

Graduate Hospital of the University of Pennsylvania 
Philadelphia, Pennsylvania 19146 
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PERSISTENT HYPEREXTENSION OF THE NECK IN 
BREECH (“STAR-GAZING FETUS”) AND IN 
TRANSVERSE LIE (“FLYING-FETUS”): INDICATION 
FOR CESAREAN SECTION 


By CHRISTIAN V. CIMMINO, M.D., F.F.R., and LAWRENCE E. SOUTHWORTH, M.D. 
FREDERICKSBURG, VIRGINIA 


ABSTRACT: 


All pregnancies with a breech or transverse lie should be examined roentgeno- 
logically, at least after the onset of labor, and those in whom hyperextension of the 
neck persists should be sectioned to avoid the real danger of injury to the cervical 
cord incurred in vaginal delivery. The radiologist should not assume a seriously de- 
formed fetus just from the hyperextension; most of these fetuses are otherwise 


normal. 


is purpose of this note is to better 
acquaint radiologists with the dangers 
of vaginal delivery of those fetuses with 
persistent hyperextension of the neck in 
breech and in transverse lie, a topic that 
has received only scant attention in the 
radiologic literature. 

Properly, roentgenology is being used 
less and less in obstetrics with the advent 
of the safer modalities of ultrasound and of 
isotopes, but it continues indispensable for 
morphology of the fetus and of the pelvis, 
and still finds widespread use in many ob- 
stetrical problems in the smaller com- 
munities. It is especially in the latter that 
the radiologist might find opportunity to 
advise the accoucheur who might not be 
familiar with the problem of hyperextended 
neck. 

The fetal pathologist recognizes many 
causes for the hyperextended neck: ha- 
martoma, vascular tumor, teratoma, en- 
cephalomyelocele, parasitic fetus, ectopia 
cordis, arthrogryposis, and sternocleido- 
mastoid muscle mass, among others.” Inien- 
cephaly may be detected with certainty in 
utero.* Amniography may better define the 
neck mass, but failure to detect such a 
mass is no indication that vaginal delivery 
is safe. Indeed, most of these cases of per- 
sistent hyperextended neck in breech and 
in transverse lie are not associated with a 
local mass. 


Such a hyperextended neck is not rare; 
some estimates reach as high as 5 per cent 
of all breech presentations. Some hyper- 
extensions are corrected with the onset of 
labor, and with these we are not concerned. 
The cause of the persistent hyperextended 
neck is not known, but spasm of the cervi- 
cal musculature has been suggested.* The 
extended neck can persist postnatally, but 
usually disappears by the first or second 
month. 





Fic. 1. Anteroposterior view shows fetus in breech 
with hyperextended neck giving “star gazing” 
appearance, 
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Fic. 2. Lateral view demonstrates similar findings. 


There is a high incidence of injury to the 
cervical cord in these infants who have been 
delivered vaginally, probably attendant 
upon the extreme flexion of the head oc- 
curring in the birth canal. Of 88 cases of 
persistent hyperextension of the neck in 
breech and in transverse lie, 31 were de- 
livered by section without a single perma- 
nent spinal cord injury; but of the 57 cases 
delivered vaginally, 12 (21 per cent) suf- 
fered a transection of the spinal cord.! 

The injury is usually in the lower cervical 
cord, and consists of epidural and medul- 
lary hemorrhage, with lacerations and 
softening of the cord substance. Such in- 
jury may not be roentgenologically con- 
sidered because there is commonly no bony 
counterpart, and the neurologic deficit may 
be attributed to brain injury. 


Christian V. Cimmino and Lawrence E. Southworth 
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There are 3 clinical presentations, and 
the radiologist might expect consultation 
in the final two: 

1. Stillbirth, or sudden death soon after 
delivery 

2. Short survival with shock, respiratory 
depression, and secondary changes in the 
lung mimicking hyaline membrane disease 

3. Long-term survival with transient or 
permanent paralysis and spasticity. 


REPORT OF A CASE 


A 17 year old primipara had a normal pre- 
natal course, noteworthy only because of a 
fetus in breech with hyperextended neck con- 
firmed by roentgenography (Fig. 1; and 2). An 
infant with hyperextended neck was delivered 
by cesarean section. There were no other clini- 
cal or roentgenologic abnormalities. The neck 
was flexed manually without complication. The 
child continues to do well after 2 months of 
postnatal observation. 


Christian V. Cimmino, M.D., F.F.R. 
1701 Fall Hill Avenue 
Fredericksburg, Virginia 22401 
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CALCIFIED INTRALUMINAL MECONIUM 
IN NEWBORN MALES WITH 
IMPERFORATE ANUS 
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ABSTRACT: 


Five cases are reported and reference is made to 3 previous similar cases of calcified 
intraluminal meconium in newborn males with “imperforate anus.” A rectourinary 
fistula was found in most of the patients; none of the cases had meconium peri- 
tonitis. The calcifications may develop in areas of prolonged stasis; the possible 
added role of the mixture of urine and meconium in utero is raised. 


MALLT the diagnosis of meco- 
nium peritonitis is made when ab- 
dominal calcifications are detected in 
roentgenograms of newborns with intestinal 
obstruction. There has been a prenatal per- 
foration and the patient has developed a 
sterile inflammatory response often associ- 
ated with matted loops of intestine, pre- 
senting a problem of surgical and medical 
management. 

Five cases are reported where multiple 
foci of calcified meconium have been noted 
on preoperative abdominal roentgenograms 
of newborn males with imperforate anus. 
The meconium in all cases was intralum- 
inal; none of the cases had coexistent me- 
conium peritonitis. All 5 patients were 
males with supralevator rectal atresia; in 4 
of the 5 fistula was demonstrated between 
the distal colon and either the bladder or 
urethra; in the fifth case it may have been 
present but was not commented on at 
autopsy. 

The possible action of urine on meconium 
to produce such calcific precipitates is 
discussed, as well as the role of stasis of 
intestinal secretions. 


REPORT OF CASES 
Case 1. (Babies Hospital, N.Y., N.Y.) A 


full term twin male infant had marked abdom- 
inal distention at birth. Multiple anomalies 
were obvious (Table 1) and a nasogastric tube 
could not be passed into the stomach. The anal 
opening was absent. Transferred to Babies 
Hospital, the infant was found on roentgeno- 
graphic studies to have esophageal atresia with 
distal tracheoesophageal fistula, as well as 
duodenal atresia (Fig. 14). Osseous abnormali- 
ties included an anomalous sacrum, missing 
lumbar pedicles, a rudimentary left thumb, and 
left radio-ulnar elbow fusion. There was a 
single umbilical artery. 

The patient was not operated upon in view of 
the many anomalies as well as his developing 
seizures and progressive deterioration. At 
autopsy a great variety of malformations was 
noted (Table 1) including those of the Vater 
association.” The calcifications were not due to 
meconium peritonitis. Rather, the colon was 
distended and contained a semiliquid suspen- 
sion with gritty clumps that were calcified. 
The large bowel seemed to end blindly at the 
level of the prostate; initial dissection indeed 
failed to reveal a fistula. With careful sectioning 
of the prostate, a rectourethral fistula was 


found (Fig. 1, B and C). The urethra distal to 


* Department of Radiology, The Babies Hospital, New York, New York. 

t Department of Pathology, The Babies Hospital, New York, New York. 

t Department of Radiology, Children’s Hospital, St. Paul, Minnesota. 

§ Department of Radiology, Children’s Hospital of Philadelphia, Philadelphia, Pennsylvania. 
} Department of Radiology, Los Altos Hospital, Long Beach, California. 
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TABLE | 


CASE I: ANOMALIES AT NECROPSY 


Gastrointestinal Tract 
Esophageal atresia 
Tracheoesophageal fistula 
Duodenal atresia, supra-ampullary type 
Gallbladder atresia, cystic duct atresia 
Hypoplastic common bile duct 
Malrotation, fenestrated mesentery 
Liver—oval shape with absent caudate and quad- 
rate lobe 
Rectal atresia with rectoposterior urethral fistula 
Genitourinary Tract 
Urethral hypoplasia, severe 
Kidney—excessive fetal lobulation 
Respiratory 
Hypoplastic lungs 
Hyaline membrane disease, pulmonary hemor- 
rhage 
Choanal atresia, left 
Cardiac 
Patent ductus arteriosus 
Atrial septal defect, Ostium II 
Ventricular septal defect, high posterior 
Bone 
Radioulnar synarthrosis, left 
Sacrum, abnormal segmentation 
Thumb, missing metacarpal, left 
Vertebra—lumbar, missing pedicles 
Miscellaneous 
Single umbilical artery 
Hand, left simian crease 


the fistula was markedly hypoplastic. The colon 
contents showed high urea nitrogen, creatinine, 
and uric acid levels, as well as high concentra- 
tion of calcium and phosphorus, in addition to 
bilirubin and other meconium constituents. 
The colon mucosa was necrotic. 


Comment. Although the fistula was diff- 
cult to find, the colon contents showed 
urine as a significant component. The hypo- 
plastic urethral lumen distal to the fistula 
would have caused an obligatory in utero 
passage of urine into the colon. The reason 
for the necrosis of the colon mucosa was 
not apparent. The calcified concretions 
were felt to be meconium foci containing 
bilirubin as well as calcium and phosphorus 
precipitates. 


Case 11. (The Children’s Hospital, St. Paul, 


Minn.) A full term male newborn had an obvi- 
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ous imperforate anus. Roentgen study showed 
(Fig. 2) scattered abdominal calcifications of 
1—2 mm. diameter that were initially in the 
right lower quadrant but shifted on later roent- 
genograms to the left upper abdomen. There 
were many anomalous dorsal vertebrae and 
ribs. The preoperative diagnosis of meconium 
peritonitis was made. At the time of the trans- 
verse colostomy, there was no evidence of peri- 
tonitis. Colon irrigations led to passage of 
meconium masses that contained gritty clumps 
of calcified meconium. A voiding cystogram 
showed a widely patent fistula to the rectum 
with massive reflux to the right kidney. Intra- 
venous pyelography failed to show a function- 
ing left kidney. The patient subsequently de- 
veloped hydrocephalus; he cannot walk, and 
definitive colon surgery has been postponed. 


Case 11. (The Children’s Hospital, St. Paul, 
Minn.) A premature male twin with imperfor- 
ate anus was observed to pass meconium in his 
urine. Preoperative roentgenograms showed 
scattered abdominal calcifications initially in 
the right lower quadrant and later in the left 
abdomen (Fig. 3). Severe respiratory distress 
developed requiring oxygen and assisted venti- 
lation. A diverting colostomy was performed; 
there was no meconium peritonitis. Following 
colon irrigation, postoperative roentgenograms 
showed a complete disappearance of the calcifi- 
cations. The infant lived several months re- 
quiring increasingly high concentrations of 
oxygen and larger ventilatory pressures; he 
died at several months of age and there was no 
autopsy. 


Comment on Cases 11 and 111. Both cases 
showed preoperative abdominal calcifica- 
tions that puzzled the observers by shifting 
location from the right to the left abdomen. 
All of the calcifications disappeared follow- 
ing colostomy and cleansing enemas. The 
rectourinary fistula in Case 11 was con- 
firmed by voiding cystography while Case 
III urinated meconium. 


Case 1v. (The Children’s Hospital, Basel, 
Switzerland.) A full term male infant had an 
obvious imperforate anus at birth. Preoper- 
ative roentgenograms of the abdomen (Fig. 4, 
A and B) showed a markedly hypoplastic sac- 
rum. A few small bowel loops were filled with 
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Fic. 1. Case 1. (Babies Hospital, N.Y., N.Y.) Newborn male with esophageal atresia, tracheoesophageal 
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fistula and duodenal atresia, as well as imperforate anus. (4) Note numerous calcifications best seen in 
left flank as well as deformed sacrum and missing pedicle right side of L 1. These were part of the Vater 
association of anomalies. (B) Distal rectum in its connection to the urethra was lined in part by partially 
sloughed large bowel mucosa (upper half) and in part by urothelium (lower half). (HPS X99.) (C) Recto- 
urethral fistula (upper lumen) communicated with posterior urethra (lower right). (HPS X 25.) 


gas but the abdomen was mainly gasless with 
bulging flanks. There were many 1-2 mm. cal- 
cified foci. A transverse colostomy was per- 
formed and the colon cleansed of a large 
amount of meconium which contained gritty 
foci that proved to be calcified. The colon ter- 
minated at the level of the prostate; there was 
no meconium peritonitis. Severe cyanotic con- 
genital heart disease was noted and definitive 
colon surgery was deferred. The boy died at 5 
years of age of his heart disease. At autopsy 
there was a rectovesical fistula. 


Comment. The colon was so filled with 
meconium and the distal small bowel with 
both fluid and meconium that the major 
portion of the abdomen appeared “‘gas- 
less,” although the only organic obstruc- 
tion was rectal atresia. 


Case v. (Los Altos Hospital, Long Beach, 
Calif.) A 2,400 gram male infant was noted to 
have imperforate anus at birth. Severe respira- 
tory distress was the immediate problem and 
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Fic. 2. Case 1r. (Children’s Hospital, St. Paul, 
Minn.) Newborn male with imperforate anus. 
Note numerous rib and vertebral segment anom- 
alies. Sacrum is stubby. Scattered calcifications in 
right side of abdomen disappeared after evacuation 
of meconium at the time of colostomy. 


roentgenograms showed (Fig. 5) a right pneu- 
mothorax and large pneumomediastinum in 
addition to cardiomegaly. The abdomen showed 
scattered calcifications in the right flank with a 
markedly malformed lumbosacral spine. The 
pelvic bony outlet was contracted. The child 
was markedly acidotic and died in a few hours. 
Autopsy showed the kidneys and ureters to be 
absent. The bladder was large and thick walled, 
measuring 7 cm. in diameter. Its contents were 
not commented on. There was no note of peri- 
tonitis. The anatomic relationship of the colon 
to the bladder and urethra was not commented 
on. 
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Comment. Despite the tantalizingly in- 
complete autopsy protocol, this case is in- 
cluded because the infant had both abdom- 
inal calcifications and imperforate anus 
without meconium peritonitis. He differs 
from the preceding 4 cases in one crucial 
respect; they all had functioning kidneys 
and a rectourinary fistula. Case v had no 
kidneys, although there may well have 
been a fistula to the rectum: the large blad- 
der was obviously distended by something 
other than urine. Unfortunately, the au- 
topsy report failed to note its contents or 
the colon contents. 

The other interest in the case lies in the 
appearance of the pelvic bony outlet, de- 
spite the large size of the bladder. In a pre- 
vious communication? it was suggested that 
such an underdeveloped pelvic bony outlet 
bore no relation per se to the presence of 
kidneys or bladder size per se, but rather, 
was probably a bony adaptation to altered 
muscular forces, these in turn reflecting 
disturbed innervation.’ 


Fic. 3. Case ur. (Children’s Hospital, St. Paul, 
Minn.) Newborn male with imperforate anus. 
Note deformed fifth sacral segment. Scattered cal- 
cifications in left upper quadrant had moved from 
right lower quadrant; these disappeared after 
evacuation of meconium at time of colostomy. 
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Fic. 4. Case 1v. (Children’s Hospital, Basel, Switzerland.) (4 and B) Newborn male with imperforate anus. 


Note markedly defective formation of lower lumbar spine and sacrum. Most of the abdomen appears gas- 
less due to marked distention of colon by meconium; scattered calcifications are all in lumen of colon. 


REVIEW OF PRIOR REPORTED CASES 


The 5 previously published cases of cal- 
cified intraluminal meconium (with co- 
existent meconium peritonitis) have fallen 
into 2 groups: those with colon obstruc- 
tion*> (Table 11) and those with small bowel 
obstruction!’ (Table 111). None of the in- 
fants or their mothers had evidence of ab- 
normal calcium or phosphorus metabolism. 

Imperforate anus with intraluminal calci- 
fed meconium (Table 11). In 1955 Khilnani 
et al reported on a case of “enterolithiasis 
in the newborn.” The patient was a male 
with imperforate anus and rectourinary 
fistula. At surgery there was no evidence of 
meconium peritonitis although this had 
been suggested on preoperative roentgeno- 
grams that showed many calcified densities. 
All of the calcifications disappeared follow- 
ing colostomy irrigations. 

In 1962 Hillcoat* added 2 additional 
cases. One patient had his colon terminat- 
ing in the region of the prostate; the second 


was reported as an atresia of the anus and 
lower rectum without fistula. It can be ar- 
gued that, as in Case 1, a fistula was indeed 
present but missed. All the calcifications 
were intraluminal. 

Small intestinal obstruction with calcified 
intraluminal meconium (Table IIT). In 1949 
Camp and Roberts! reported an infant 
male with ileal stenosis and multiple cal- 
cified intraluminal meconium foci. Rick- 
ham,® in 1957 had an even more bizarre 
case with multiple meconium calcifications 
in dilated ileal loops. No organic stenosis 
was present and calcification was noted in 
both the distal collapsed as well as the 
proximal dilated segments. Neither of 
these cases had meconium peritonitis. 


DISCUSSION 


Our five cases with calcified intraluminal 
meconium all had imperforate anus. Thus, 
adding these to the previously published 
cases, there were 8 of Io patients with calci- 
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Fic. 5. Case v. (Los Altos Hospital, Long Beach, 
Calif.) Male with imperforate anus. Infant had 
renal agenesis and a huge bladder. Note deformed 
lumbosacral spine and scattered flank calcifica- 
tions. Heart was surrounded by pneumomediasti- 
num and patient died a respiratory death with 
nypoplastic lungs. 


fied meconium without meconium peri- 
tonitis who had imperforate anus, and all 
were male. Five of the 8 cases of imperfor- 
ate anus had a fistula demonstrated be- 
tween the rectum and the urinary tract 
(bladder or urethra). This raises the possi- 
bility that the calcifications represent an 
interaction between urine and meconium. 
The problem with this explanation is that a 
rectourinary communication usually is 
present in males with the “high” form of 
imperforate anus; the flow of urine into the 
colon can be shown by voiding cystograms 
in such babies. Those who have actually 
had calcified meconium demonstrated in 
the colon lumen are few (ç in the current 
series, 3 from the prior literature). 
Chemical study of meconium? yields no 
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TABLE II 


CALCIFIED INTRALUMINAL MECONIUM ASSOCIATED 
WITH IMPERFORATE ANUS 








Associated Rectourinary 
Cases Meconium Fistula 

Peritonitis Demonstrated 
lcci La 


Author 


Hillcoat! 2 0/2 0/2 
Khilnani et al. I 0/1 1/1 
Current Cases 

(Berdon et al.) 5 0/5 4/5 
Total 8 0/8 5/8 





obvious answers. Meconium is a mixture of 
swallowed amniotic fluid, squamous cells, 
intestinal debris, bile salts, and succus en- 
tericus of the fetus. It is rich in protein, 
mucopolysaccharides, as well as calcium 
and phosphorus. There is no ready explana- 
tion of how or why fetal urine, with its 
dilute levels of urea and creatinine, should 
cause precipitation of calcium salts into the 
gritty concretions found in these patients. 
It should be mentioned that all fetuses 
have urine in their gastrointestinal tract 
since amniotic fluid is in a major degree 
voided urine in the last trimester of preg- 
nancy. Stasis of intestinal contents has 
been suggested as an etiologic factor in 
prior reports of this finding of meconium 
“enterolithiasis.”58 An easily found exam- 
ple of calcification in an area of intestinal 
stasis would be seen in the appendix in the 
form of an appendicolith or fecalith. Me- 
conium stasis was certainly present in the 
cases listed in Table 11 and the smaller 
group with bowel distention listed in Table 
1. The problem with this very reasonable 


TABLE III 


CALCIFIED INTRALUMINAL MECONIUM ASSOCIATED 
WITH SMALL INTESTINAL OBSTRUCTION 








Associated Site 
Author Cases Meconium of 
Peritonitis Obstruction 
Camp and 
Roberts! I o/I Ileum 
Rickham® I o/I Ileum 
Total 2 0/2 2/2 Ileum 
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explanation is that thousands of infants 
with small bowel intestinal obstruction 
(whether from meconium ileus or ileal 
atresia or stenosis) have had preoperative 
abdominal roentgenograms with only 2 
being found to have meconium entero- 
lithiasis.!:§ Similarly, equally huge numbers 
of infants with imperforate anus (with 
small or absent fistula) have had plain 
roentgenograms and only the few reported 
cases have shown these calcified foci. 

The detection in the past of such calcifi- 
cations has raised the preoperative roent- 
genographic diagnosis of meconium peri- 
tonitis. Meconium peritonitis results from 
leakage of meconium onto the serosal and 
parietal peritoneal surfaces of the abdom- 
inal cavity, usually presenting in the form 
of linear areas of calcification. Occasionally 
the calcification in such patients is in the 
wall of infarcted or ischemic bowel. It is 
most often associated with small intestinal 
atresia and has been attributed to prenatal 
volvulus or infarction on some other isch- 
emic basis. It would be most unusual for 
peritoneal calcification to be associated 
with imperforate anus per se and most un- 
likely to appear in the form of numerous I 
to 2 mm. calcific densities. 

To conclude, the cause of the intralum- 
inal meconium enterolithiasis is unknown. 
Its finding in a male with imperforate anus 
(without a visible ectopic orifice) is strongly 
suggestive of the presence of a fistula; 
proof of the nature of the calcification is 
accomplished by a repeat abdominal roent- 
genogram after colostomy and evacuation 
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of meconium masses and roentgenography 
of the evacuated meconium. 


Walter E. Berdon, M.D. 

Department of Radiology 

Babies Hospital, Columbia-Presbyterian 
Medical Center 

New York, New York 10032 
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PANCREATITIS AND THE BATTERED 
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REPORT OF 2 CASES WITH SKELETAL INVOLVEMENT 
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ABSTRACT: 


Two cases of pancreatitis associated with the trauma of child abuse are reported. 
In the first case the skeletal survey was initially negative but the child later showed 
widespread roentgen evidence of intramedullary necrosis and periosteal new bone 
reaction. These lesions healed without treatment. In the second patient, the pan- 
creatitis was accompanied by ascites and subsequently by bile peritonitis, duodenal 
obstruction, and a bile-filled abscess in the pancreas. This patient had skeletal frac- 
tures. The clinical problems of these 2 patients emphasize the need not only to relate 
pancreatitis to the battered child syndrome but also to distinguish between the bone 
changes due to direct trauma and those related to pancreatitis. 


ANCREATITIS in children less than 

ç years of age is unusual and should 
raise the question of trauma.'”” Recently, 
Hartley® reported the first case of “‘trau- 
matic pancreatitis by battering.” When a 
child with pancreatitis is hospitalized, a 
skeletal survey is indicated. This may re- 
veal the osseous manifestations of the bat- 
tered child syndrome (metaphyseal corner 
fractures, periosteal reaction, etc.). It is 
important to realize that the pancreatitis 
itself can give rise to widespread skeletal 
abnormalities.® %!3 

Two cases are presented which illustrate 
the clinical and roentgenographic spectrum 
of traumatic pancreatitis in children. In the 
first case, the skeletal survey was initially 
normal but the child went on to develop 
widespread painful skeletal lesions, char- 
acterized by intramedullary necrosis and 
periosteal new bone reaction. These were 
roentgenographically identical to findings 
described in leukemia, sickle infarction, and 
metastatic malignancy. With recognition 
of the pancreatitis," it was possible to 
avoid repeat hospitalization and unneces- 


sary diagnostic procedures. In the second 
case, the pancreatitis was accompanied by 
fractures of the long bones (although there 
was no admitted skeletal trauma) and 
aided in the diagnosis of the battered child 
syndrome. 


REPORT OF CASES 


Case 1. T.F., a 2 and 8/12 year old Black 
male was in good health until he was left with a 
baby sitter 40 hours prior to admission. When 
the mother returned she learned the patient 
had been admitted to a local hospital, allegedly 
because he had fallen. Subsequently, the baby 
sitter admitted beating the child. 

At the time of admission at the referring 
hospital he was febrile, lethargic, vomiting 
bilious material, had a tender abdomen, and 
had multiple bruises of the head, neck, and 
abdominal wall. Over the next 36 hours, despite 
maintenance fluids, the patient became pro- 
gressively oliguric and his blood urea nitrogen 
level rose to 80 mg. per cent. He was transferred 
to Babies Hospital for treatment of renal 
shutdown. 

Physical examination on admission revealed 
the child to be anicteric with marked lethargy 
and to have a bruised, tender abdomen. His 
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bowel sounds were hyperactive and there was 
no mass or rebound tenderness. After arrival 
the patient voided grossly bloody urine and 
continued to void over 500 cc. in the next 3 
hours. The impression at the time of admission 
was trauma to the abdomen, possible pan- 
creatitis, as well as central nervous system and 
renal trauma. 

Pertinent laboratory tests included a serum 
amylase of 1,920 Meyers-Killian units (normal: 
under 35), a blood urea nitrogen of 72 mg. per 
cent, and a creatinine of 1.8 mg. per cent. 
Serum calcium wes 6.8 mg. per cent and serum 
phosphorus was 1.4 mg. per cent. The next day 
urine amylase was 580 units per milligram of 
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Fic. 1. Case 1. (4) Upper gastrointesti- 
nal barium study shows widened duo- 
denal sweep with effacement of normal 
mucosal markings. A delay in barium 
transit beyond the ligament of Treitz 
was transient. (B) Roentgenograms of 
the feet show diffuse medullary de- 
struction of metatarsals with perios- 
teal new bone reaction. The phalanges 
are involved to a lesser extent. (C) 
Roentgenograms of the ankles show 
bilateral periosteal reaction surround- 
ing the tibia and fibula; there is a 
large destructive lesion in the distal 
lateral right tibial metaphysis. The 
epiphyseal centers are spared. (D) 
Roentgenogram of the asymptomatic 
upper extremity shows similar medul- 
lary necrosis and periosteal reaction 
involving the ulna and metacarpals; 
the phalanges and humerus were in- 
volved to a lesser degree. Epiphyseal 
centers were spared. All lesions healed 
over several months without treat- 
ment or sequelae. 


creatinine excreted (normal: less than 2.5 units 
per mg. of creatinine). Lumbar puncture, skull 
roentgenograms, echoencephalogram and other 
serum electrolytes were all normal. The sick- 
ledex was negative. Skeletal survey done on 
admission was within normal limits. 

Three days after admission an intravenous 
pyelogram showed poor concentration of the 
contrast agent with normal kidneys. The upper 
gastrointestinal series done following the pyelo- 
gram revealed a widened duodenal sweep with 
edematous changes (Fig. 14). With supportive 
therapy and antibiotics the patient slowly re- 
covered. 

On the seventeenth hospital day the patient 
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complained of pain in his feet and would not 
walk. Orthopedic evaluation revealed full 
range of motion in the feet, ankles, knees, and 
hips, and there was no swelling or tenderness. 
Neurological examination was within normal 
limits. By the twenty-fifth hospital day the 
child had begun to walk, although limping. He 
was discharged without roentgenography. Over 
the next several weeks the patient continued to 
limp and the mother had him seen by a private 
pediatrician who obtained roentgenograms of 
the feet (Fig: 1B). These showed a widespread 
intramedullary necrosis of the metatarsals and 
phalanges. There was considerable periosteal 
new bone reaction. Larger destructive lesions 
in the tibial metaphysis were also noted (Fig. 
1C): The differential diagnosis at this time in- 
cluded disseminated malignancy and infection 
(sickle cell disease having been previously ex- 
cluded). The patient’s white blood cell count 
was normal and the child was actually spon- 
taneously improving without therapy, about 1 
week after the roentgenograms. The roentgeno- 
grams were reviewed at Babies Hospital and 
compared to the initial normal skeletal survey. 
At this time, the diagnosis of diffuse bone le- 
sions accompanying pancreatitis was made. 
The upper’ extremities, which were clinically 
normal, were examined roentgenographically 
and they also showed widespread medullary 
destruction and periosteal new bone reaction 
(Fig. 1D). Only the epiphyseal centers were 
spared. The patient was observed without 
treatment over the next 5 months, and on his 
last follow-up examination the lesions were 
almost completely healed: 


Comment. The diffuse skeletal abnormal- 
ity seen in this patient 4 weeks after pan- 
creatitis is striking, especially when com- 
pared to the initial negative skeletal sur- 
vey. Although they could have represented 
widespread infection, malignant disease, 
or ‘sickle dactylitis, their evolution and 
spontaneous regression paralleled the cases 
of pancreatitis described by Keating ef 
- al? and Sperling" to such a degree that the 
investigations (bone marrow, blood cul- 
tures, bone biopsy) used by others and the 
attempt to modify the bone lesions with 
antibiotics could be avoided. 


Case u. N.W. is a 19 month old white female 
-who was in good health until 5 days prior to 
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admission when her father placed her across his 
knee and “spanked” her. Soon after, she began 
to vomit coffee-ground material, became lethar- 
gic and oliguric. She was hospitalized and 
physical examination at that time revealed an 
agitated, bruised infant with hypoactive bowel 
sounds. The abdomen was not tender and there 
was no guarding or rebound. The initial im- 
pression was abdominal trauma, possibly pan- 
creatitis secondary to child abuse. 

Laboratory data revealed a markedly ele- 
vated serum amylase. Plain film study of the 
abdomen revealed no evidence of free air and 
only a dilated loop of jejunum. Upper gastro- 
intestinal series, done with water-soluble con- 
trast material showed a widened duodenal 
sweep and thick small bowel folds. Over the 
next 4 days, despite supportive therapy, her 
fever rose intermittently to 105° and her cal- 
cium dropped to 8 mg. per cent. She was then 
transferred to Babies Hospital. 

Physical examination revealed a febrile, 
bruised infant with ascites. On an abdominal 
tap, 7 cc. of an orange-yellow fluid was re- 
moved. The ascitic fluid revealed an amylase of 
980 Meyer-Killian units, a protein of 3,820 
mg. per cent, and a calcium of 8.9 mg. per cent. 
An intravenous pyelogram showed the liver 
displaced medially by the ascites; the kidneys 
were normal (Fig. 24). A bone survey showed 
long bone fractures of the right tibia and fibula, 
but was otherwise normal, A repeat upper gas- 
trointestinal series using water-soluble con- 
trast agent showed duodenal obstruction with 
a mass impinging on the medial aspect of the 
descending duodenum. This was felt to repre- 
sent a duodenal hematoma (Fig. 28). 

The patient remained febrile and on the 
seventh day after injury an exploratory lapa- 
rotomy revealed peritonitis secondary to acute 
hemorrhagic pancreatitis. Eight hundred cc. of 
darkly bile-stained fluid was found and there 
was extensive necrosis of the omentum and 
transverse mesocolon reflecting leakage of pan- 
creatic enzymes. A large bile-stained cavity 
was found in the head of the pancreas. The 
entire pancreas was indurated and hemorrhagic, 
as were the structures of the lesser sac. Drainage 
tubes were inserted in Morrison’s pouch and 
the lesser sac, as well as the placement of 
tubes in the stomach and gallbladder. 

The postoperative course was complicated 
by a leak in the second portion of the duode- 
num, presumably in a necrotic area, as well as 
by severe nutritional problems. Hyperalimen- 
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tation was begun on the seventh hospital day. 
Her recovery was slow but she was discharged 
3 months after admission. Repeat skeletal sur- 
vey failed to show any evidence of medullary 
necrosis with periosteal new bone reaction. 


Comment. Ascites and duodenal obstruc- 
tion are unusual presentations of pan- 
creatitis. The patient was so severely ill 
that surgical drainage of the abscess was 
mandatory. Her recovery was made pos- 
sible to a large degree by the use of hyper- 
alimentation. 


DISCUSSION 


Abdominal trauma is the most common 
cause of pancreatitis in the pediatric pa- 
tient.!51112 However, in the younger child 
who has been abused, the history of trauma 
may be difficult to obtain. Conversely, if 
a child presents with bruises and signs of 
abuse, traumatic pancreatitis must be con- 
sidered and the clinical signs and symp- 
toms recognized. Once trauma has been 
established, a search for skeletal injury 
must be performed (Table 1). 

The abdominal roentgenographic signs 
of pancreatitis in children are well de- 
scribed.!4 Both of our patients demon- 
strated the appropriate coarsened duodenal 
mucosa and duodenal atony on contrast 
study. Case 11 had obstruction of the 
duodenum and widening of the duodenal 
loop. The mass obstructing the duodenum 
was proved to be an abscess involving the 
head of the pancreas. 

The osteolytic lesions seen following pan- 
creatitis are most likely the result of in- 
tramedullary fat necrosis.°73 The pan- 
creatic enzymes, especially lipase, liberated 
within the pancreas during an acute in- 
flammatory period, may reach the blood 
stream directly or via absorption from the 
peritoneal fluid into lymphatics and then 
into the circulation. One possib'e mecha- 
nism causing these roentgen findings is a 
reaction of pancreatic enzymes with the fat 
in the bone marrow causing hydrolysis and 
subsequent necrosis.’ Although not found 
in our case, calcific stippling can be seen 
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Fic. 2. Case 11. (4) Intravenous pyelogram. Studies 
taken at the end of the injection show a bilateral 
nephrogram witk faint excretion by non-obstructed 
kidneys in an oliguric patient. The liver, opacified 
by the circulating high levels of contrast material, 
is displaced medially by fluid. The patient proved 
to have periton tis from acute pancreatitis. (B) 
Water-soluble contrast study shows duodenal ob- 
struction. The descending duodenum shows a mass 
effect with proximal overhanging edges; this 
proved to be a b:le-filled abscess in the head of the 
pancreas. The faint visualization of the transverse 
colon represents concentration of water-soluble 
contrast material given 4 days earlier when there 
was neither ascites nor duodenal obstruction. 


within these lesions and is caused by the 
combination of serum or tissue calcium 
with the hydrolyzed necrotic fatty mar- 
row.”"4 

The most striking roentgenographic fea- 
ture is the involvement of virtually all 
tubular bones with epiphyseal sparing. 
The site of involvement parallels that seen 
in other disorders of the small blood ves- 
sels, especially diaphyseal and small bone 
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TABLE I 


BONE LESIONS AND POST-TRAUMATIC PANCREATITIS 


Initial Skeletal Survey 





(Case 1) Normal 


- 


Follow-up Skeletal Survey 
Positive: Diffuse Intramedullary Necrosis 


Periosteal Reaction 


Diagnosis: Changes Secondary to Pancreatitis, not Trauma 


infarctions, as seen in sickle cell anemia. 
Healing is virtually complete unless the 
epiphyseal plate has been compromised, in 
which case the involved bone may be short. 
If the bone lesions are not appraised in 
view of the previous pancreatitis, fruitless 
roentgenographic surveys and surgical pro- 
cedures for malignancy™ can be under- 
taken. If hematogeneous osteomyelitis is 
thought of when the roentgenographic 
findings are noted, a long and ineffective 
course of intravenous antibiotics can be 
given without altering the course.’ 

A second type of bone lesion seen in 
adults with pancreatitisis aseptic necrosis, 
especially of the femoral heads.!:7 Neither 
our patient nor other pediatric patients 
previously reported have had this kind of 
lesion. The pathophysiclogy of the aseptic 
necrosis in adults is felt to be bone infarc- 
tion with ischemia caused’ by enzymatic 
damage to the endothelial cells of blood 
vessels resulting in thrombosis. This: type 
of lesion is most often seen in adult patients 
with chronic pancreatitis. 

In childrén with pancreatitis with wide- 
spread bone involvement it is not possible 
to distinguish between diffuse infarction 
and diffuse fat necrosis—indeed, both may 
be occurring. The sparing ‘of the epiphysis 
may reflect the richness of the blood supply 


(Case r1) Positive for Trauma 


(fractures; metaphyseal injury, 
etc:) ; 
Diagnosis: Skeletal Changes Due to Trauma 


Do Follow-up Skeletal Survey 6-8 
Weeks Later to See if Changes Appear 
Secondary to Pancreatitis 


to the epiphysis which changes from child- 
hood to adult life, adults having a less se- 
cure vascular anatomy. In any event, the 
pancreatic infarction pattern is identical 
to the presumed ischemic sickle pattern. 
Youngsters with sickle cell disease develop 
shaft and small tubular bone involvement 
while the adults with sickle cell disease de- 
velop epiphyseal involvement. 

While multiple skeletal injury is well 


‘known in the battered child syndrome, it 


has been only recently that child abuse was 
described as the cause of pancreatitis.3-1° 
The causal relationship between bone le- 
sions and pancreatitis in children who have | 
been abused is now confirmed. Diffuse 
periosteal reaction, lytic lesions, and the 
roentgenographic signs of pancreatitis 
should now be included among the roent- 
genographic findings of the battered child 
syndrome. : 


Walter E. Berdon, M.D. 

Department of Pediatric Radiology 

Babies Hospital, the Children’s Medical 
and Surgical Center 

622 West 168 Street 

New York, New York 10032 
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COMPLEMENTARY ROLE OF SONOGRAPHY AND 
ARTERIOGRAPHY IN MANAGEMENT OF 
UTERINE CHORIOCARCINOMA* 


By DAVID C. LEVIN, M.D.,t SHIRLEY STAIANO, B.S., MORTON SCHNEIDER, M.D., 
and JOSHUA A. BECKER, M.D. 


BROOKLYN, NEW YORK 
ABSTRACT: 


Uterine choriocarcinoma develops fairly frequently after passage of a hydatidi- 
form mole and very rarely after normal pregnancy or abortion. The disease is highly 
curable by chemotherapy, especially if detected early. Histologic examination of 
uterine curettings is unreliable and the principal indicator of active primary or 
metastatic disease is the HCG titer. 

The ability to visualize the tumor is helpful for a variety of reasons. In the past, 
this has been achieved primarily through arteriography. Our experience with 6 
patients suggests that sonography is as sensitive a detector as arteriography and 
perhaps somewhat more specific. These facts, plus its convenience and repeatability, 
make ultrasound the method of choice for visualization of intrauterine malignant 
trophoblastic disease. Arteriography will continue to play an important role where 
the sonographic findings are equivocal and where local invasion or distant metastases 


are suspected. 


TERINE choriocarcinoma arises from 
trophoblast, the embryonic tissue 
which attaches the ovum to maternal endo- 
metrium. Although this tumor is relatively 
rare, its importance is enhanced in that 
it is presently the only form of cancer that 
can be consistently cured by chemother- 
apy.141912.18 Another important, if some- 
what confusing, aspect of the disease is the 
fact that the diagnosis rests primarily upon 
a laboratory test—the urinary or serum 
human chorionic gonadotropin (HCG) 
titer—rather than upon histopathologic 
examination of tumor tissue. The latter 
has been found to be notoriously unreli- 
able* 91°! because of difficulties in dif- 
ferentiating normal trophoblast, hydatidi- 
form mole, and malignant trophoblast. 
Because of this unreliability, it is helpful 
to have available other methods of tumor 
visualization. Until recently, the most re- 
liable and widely-used method was ar- 
teriography.?:35.6 9.20.22 During the past 2 
years at our hospital, ultrasound has been 
used in addition to arteriography in the 


study of this disease and has proved ex- 
ceedingly valuable. Our purpose in this 
paper 1s to describe the sonographic char- 
acteristics of uterine choriocarcinoma and 
to discuss the complementary role of the 2 
modalities in management of these pa- 
tients. 


CLINICAL FEATURES 


Approximately şo per cent of cases of 
uterine choriocarcinoma develop after pass- 
age of a hydatidiform mole. Twenty-five 
per cent develop after normal pregnancy 
and 25 per cent after spontaneous or in- 
duced abortion.**” The risk of develop- 
ment of choriocarcinoma in women who 
have had hydatidiform mole is from 2-8 
per cent,*:” this being approximately 1,000 
times greater than after normal pregnancy 
or abortion.! In addition, another 16 
per cent of patients with hydatidiform 
mole go on to develop invasive mole, or 
chorioadenoma destruens.8 The spectrum 
of malignant trophoblastic disease includes 
both choriocarcinoma and chorioadenoma 


* From the Department of Radiology, State University of New York Downstate Medical Center, Brooklyn, New York. 
t Currently with the Department of Radiology, Harvard Medical School and Peter Bent Brigham Hospital, Boston, Massachusetts. 
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destruens, although the latter is considered 
somewhat less dangerous and generally 
remains confined to the pelvic organs. 
Elevation of the HCG titer is a highly 
sensitive indicator of the presence of ma- 
lignant trophoblastic disease. It is not 
specific, however, since it also occurs with 
normal pregnancy, hydatidiform mole, or 
retained benign molar tissue following 
evacuation. Because the clinical index of 
suspicion 1s so high in women who have 
had a hydatidiform mole, they should be 
placed on oral contraceptives and undergo 
precautionary HCG assays every 2 weeks 
for the first 2 months after treatment, then 
every month for 1 year.+81 If the mole has 
been completely evacuated, the titer should 
return to normal within 60 days. If the titer 
instead begins to rise during this period, or 
remains elevated at its termination, a pre- 
sumptive diagnosis of malignancy should 
be made. Diagnostic uterine curettage is 
not particularly helpful at this stage be- 
cause of the difficulty in differentiating 
benign from malignant trophoblastic tis- 
sue. Even if no trophoblast whatsoever is 
recovered in the specimen, malignancy can- 
not be ruled out since the tumor cells may 
have burrowed too deeply into the myo- 
metrium to be reached by the curette.?° 
The development of choriocarcinoma 
after a full term or interrupted pregnancy 
is a more insidious process, since these 
women do not routinely undergo periodic 
HCG assay. Vaginal bleeding is generally 
the first symptom and this usually results 
in performance of a dilatation and curet- 
tage. Regardless of the histologic findings, 
the HCG titer should be determined in pa- 
tients in this clinical setting. 
Choriocarcinoma produces early and 
widespread metastases. Organs most fre- 
quently involved include the lungs, kid- 
neys, liver, ovaries, brain, spleen, heart, 
and gastrointestinal tract. Local inva- 
sion of the vaginal vault and parametrium 
is also common. 
Treatment of malignant trophoblastic 
disease with chemotherapeutic agents has 
been remarkably effective, with cure rates 
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in many comprehensive series ranging 
from 75-95 per cent.!41%12.17.18 The drugs 
of choice are methotrexate, or actinomycin 
D, or both in combination.” Lewis!’ has 
found that patients can be divided into 
high and low risk groups. In the latter 
group are those women with initial urinary 
HCG titers of less than 100,000 Interna- 
tional Units (IU) per 24 hours, who are 
treated within the first 4 months after the 
presumed onset and whose metastatic dis- 
ease is limited to the pelvic area and lungs. 
Those with higher initial titers, longer du- 
ration of disease, or metastatic lesions of 
the liver and brain are at greater risk but 
are still curable in 55-70 per cent of 
caseg.» 10,1 


ANGIOGRAPHIC FEATURES 


The arteriographic characteristics of 
uterine choriocarcinoma have been well 
documented in earlier papers.?3-5,6.9,20,22 
The uterine arteries are enlarged and very 
tortuous. Irregular vascular spaces and 
staining are seen during the capillary phase. 
The late phase generally shows dense opac- 
ification of the draining pelvic veias, al- 
though this is dependent to a certain ex- 
tent upon the size and vascularity of the 
tumor. Direct shunting through arterio- 
venous fistulae is usually not present al- 
though this may develop after chemother- 
apy. Examples of arteriograms in chorio- 
carcinoma are shown in Figure 1, 4 and 
B and Figure 2, 4-C. The first case demon- 
strates diffuse involvement of the entire 
uterus; the second shows striking but more 
localized changes in a tumor that was 
found to be only 1.5 cm. in diameter at 
hysterectomy. 

There is some question as to the source 
of the hypervascularity and staining which 
characterize choriocarcinoma angiograph- 
ically. Contrast medium injections of re- 
sected specimens often show few or no ab- 
normal vessels within the tumor,?:>”2 
although others contain considerable neo- 
vascularity.” It seems likely that the often 
dramatic în vivo arteriographic findings are 
due not to “tumor” vascularity and stain- 
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ing, but rather to an intense decidual re- 
action of the uterus itself. The increased 
vascularization of any uterus containing 
trophoblastic tissue constitutes a serious 
disadvantage in the use of arteriography, 
since it may cause other nonmalignant 
conditions to mimic choriocarcinoma. 
These include normal pregnancy,’’ missed 
abortion,’ retained benign molar tissue 
after evacuation, and some cases of 
hydatidiform mole before evacuation.’ 


SONOGRAPHIC FEATURES 


Our initial interest in sonography in 
patients with this disease was stimulated 
by the nonspecificity of arteriography, as 
well as by the safety, simplicity, and re- 
peatability of an ultrasound examination. 
During the past 2 years, 6 patients with 
suspected choriocarcinoma have been stud- 
ied. A consistent sonographic pattern has 
been found in 5 of these women who 
actually had malignant trophoblastic dis- 
ease. The tumors produce an amorphous 
pattern of intrauterine echoes which appear 
at low or normal sensitivity. The uterus is 
generally somewhat enlarged. The ab- 
normal echo pattern correlated well with 
the location and size of the tumor as de- 
termined by arteriography or hysterec- 
tomy. Follow-up sonograms repeated 
relatively short intervals during and after 
chemotherapy were highly accurate in 
documenting both disappearance of the 
lesions and later recurrence 1n some cases. 


REPORT OF CASES 


The patient whose studies are shown in 
Figure I was a 33 year old woman who devel- 
oped vaginal bleeding and elevation of her 
urinary HCG titer (30,000 IU per 24 hours vs. 
a normal range of 100-200 IU) 5 months after 
passage of a hydatidiform mole. Arteriography 
(Fig. 1, 4 and B) demonstrated an extremely 
hypervascular lesion involving the entire 
uterus. Sonography (Fig. 1C) revealed an 
amorphous pattern of abnormal internal echoes 
throughout the organ. After 3 weeks of treat- 
ment with methotrexate and actinomycin D, 
her HCG titer had dropped significantly but 
was still somewhat elevated at 1,000 IU. Re- 
peat sonography at this time (Fig. 1D) con- 
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firmed the presence of persistent tumor, as 
manifested by abnormal intrauterine echoes. 
The size of the uterus and degree of involve- 
ment both had diminished significantly. After 
another 3 weeks of chemotherapy, the HCG 
titer was normal, and sonography (Fig. 1£) 
showed an essentially normal uterus. Ten weeks 
later, however, her HCG titer was once again 
found to be elevated, and a sonogram (Fig. 1F) 
showed an increase in size of the uterus with a 
dense cluster of abnormal echoes on its anterior 
aspect. Repeat arteriography at this time (not 
shown) demonstrated abnormal vascularity 
and staining, although to a lesser extent than 
on the initial study. Because of this evidence of 
recurrent disease, hysterectomy was performed. 
The specimen contained a large focus of chorio- 
carcinoma within the anterior wall. 

The case shown in Figure 2 is that of a 26 year 
old woman who had aborted a hydatidiform 
mole at an outside hospital and then received 
multiple courses of chemotherapy in response 
to persistently high HCG titers. After 1 year, 
she was referred to the Downstate Medical 
Center where her initial work-up revealed a 
urinary HCG titer of 2,400 IU per 24 hours. 
Arteriography (Fig. 2, 4-C) showed a small 
area of abnormal vascularity and staining on 
the left side of the uterus. Sonography (Fig. 
2, D and E) showed uterine enlargement with a 
very localized cluster of abnormal internal 
echoes 2 cm. to the left of the midline. The 
patient’s disease was considered to be refractory 
to chemotherapy, and hysterectomy was per- 
formed. Examination of the specimen demon- 
strated a 1.5 cm. choriocarcinoma nodule with- 
in the myometrium on the left side. This case 
indicates the accuracy with which both ar- 
teriography and ultrasound can detect small 
lesions of this type. 

Figure 3 is a sonogram of a 20 year old wo- 
man who was found, on a routine chest roent- 
genogram, to have multiple pulmonary nodules 
6 months after a spontaneous abortion. Her 
urinary HCG titer was 150,000 IU per 24 
hours. Both arteriography and sonography sug- 
gested choriocarcinoma. The sonogram (Fig. 
34) showed an enlarged uterus with multiple 
abnormal internal echoes. The patient was 
given a single 5 day course of methotrexate. A 
HCG titer shortly thereafter was within normal 
limits and a follow-up sonogram (Fig. 38) re- 
vealed a normal uterus. The patient has re- 
mained clinically well with normal titers 
during the ensuing 8 months. 
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Fic. 1. (4) Arterial phase of a lower abdominal aortogram in a patient with uterine choriocarcinoma. The 


myometrial branches of both uterine arteries are markedly enlarged and tortuous. The ovarian arteries 
(black arrowheads) are also enlarged and contribute blood supply to the tumor. (B) Capillary phase. The 
entire uterus shows dense hypervascularity and irregular staining. (C) Midline longitudinal sonogram of 
the pelvis performed the same day as the arteriogram. On this and all subsequent sonograms, the patient’s 
head is to the left of the photograph, the anterior abdominal wall faces upward, U=uterus, and the sono- 
lucent structure anterior to the uterus is the filled bladder. Note the internal tumor echoes scattered 
throughout the enlarged uterus at this time. (D) After 3 weeks of chemotherapy, the uterus has decreased 
in size but some tumor echoes are still present, especially anteriorly. (E) After 3 more weeks of chemo- 
therapy, the patient is clinically free of disease. Sonography shows the uterus at the upper limits of norma! 
in size with no definite tumor echoes visualized. (F) Ten weeks later, the uterus has again enlarged and 
the cluster of abnormal echoes on its anterior aspect signifies recurrence of the tumor. This was confirmed 


by hysterectomy. 


In 2 other women whose malignant tropho- 
blastic disease was recognized by persistent 
HCG titer elevation after passage of a hydatidi- 
form mole, sonography proved helpful in 
visualizing the tumor and following its pro- 
gress during chemotherapy. The sixth patient 
was suspected of having choriocarcinoma on 
the basis of histologic examination of uterine 
curettings obtained after passage of a mole. 
However, her HCG titer was normal and 
sonography showed a perfectly normal uterus. 
On this basis, it was felt that the pathologic 
diagnosis was a false positive and no further 
treatment was given. The patient has remained 
free of any evidence of disease for over 1 year 
since then. 


DISCUSSION 


The value of sonography in hydatidiform 
mole is well established.” This report 
is the first discussion of its applicability to 
choriocarcinoma as well. Even though the 
primary determinant of activity of disease 
and need for treatment is the HCG titer, 
there is a number of reasons why visualiza- 
tion of the tumor is of value. 

First and foremost, in a patient who de- 
velops an elevated titer after passage of a 
hydatidiform mole, the possibility of nor- 
mal pregnancy must be ruled out before 
assuming the presence of malignant tropho- 
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Fic. 2. (4) Late phase of a lower abdominal aortogram in a patient with a previous history of hydatidiform 
mole who had persistent elevation of her urinary HCG titer in spite of chemotherapy. A normal uterine 
artery is seen on the right but abnormal vascularity and staining appear to be present on the left side 
(black arrowheads). (B) Early and (C) late arterial phases of a selective left hypogastric arteriogram. 
Fine caliber neovascularity and staining are seen within a localized area of the left side of the uterus. 
(D) Midline longitudinal sonography the next day shows an enlarged uterus with several non-specific 
solitary echoes. (Æ) A longitudinal sonogram 2 cm. to the left of the midline, however, shows a localized 
cluster of tumor echoes. Hysterectomy revealed a 1.5 cm. nodule of choriocarcinoma within the myo- 
metrium on the left side, thereby confirming the arteriographic and sonographic findings. 


blastic disease. This can be accomplished 
quickly and simply by sonography. Second, 
as Hertz has pointed out,!® some chorio- 
carcinomas which are deeply imbedded 
within the myometrium may be resistant 
to chemotherapy and require hysterec- 
tomy. Uterine involvement is not invari- 
ably present, however, as evidenced by 
reported cases in which the uterus was 
found to be normal even though metastases 
were relatively widespread.!°3 Sonog- 
raphy thus offers the important advantage 
of being able to differentiate patients with- 
out uterine involvement from those in 


whom intrauterine lesions are present and 
who may in rare cases require hysterec- 
tomy. Third, sonography is helpful in fol- 
lowing patients after treatment. In some 
instances, the titer level will hover in the 
borderline range or become slightly ele- 
vated after initially having returned to 
normal. Comparison of follow-up sono- 
grams with the initial post-treatment sono- 
gram may detect or rule out early intrau- 
terine recurrence in these questionable 
situations. Finally, although radioimmuno- 
assay 1s probably the most accurate method 
of detecting HCG levels, a number of other 
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less reliable methods is still in use at com- 
mercial laboratories. Sonography is a sim- 
ple additional test for the presence of 
intrauterine disease if there is any question 
as to the accuracy of the HCG assay 
method. 

The abnormal intrauterine echo pattern 
seen in choriocarcinoma can be seen occa- 
sionally in other conditions. These include 
degenerating myomata, leiomyosarcomas, 
endometrial carcinomas, and certain cases 
of missed abortion and endometritis."4 
However, none of these conditions is asso- 
ciated with elevation of the HCG titer. 
The occurrence of this echo pattern in 
association with an elevated titer in a pa- 
tient with a previous pregnancy of any type 
can therefore be considered relatively 
specific for the presence of intrauterine 
choriocarcinoma. 

Because sonography is fast, safe, pain- 
less, and easily repeatable, we feel it to be 
the initial method of choice for attempted 
visualization of malignant trophoblastic 
disease. Arteriography can still play a 
valuable role, however, in cases where the 
sonographic findings are equivocal. Arteri- 
ography also can be very helpful in detect- 
ing spread to pelvic organs outside the 
uterus, such as the parametrium and ovar- 
ies. Small lesions in these areas may not be 
amenable to ultrasonic detection, but are 
sufficiently hypervascular to be visualized 
by arteriography.**?° Its value in detecting 
metastases to distant organs, such as the 
kidneys, liver, spleen, gastrointestinal tract 
or brain, remains undetermined since sur- 
prisingly few cases of this sort have been 
reported. Patrick et a/.!® performed angiog- 
raphy on a patient with metastatic chorio- 
carcinoma of the kidney, and Stilp et al.” 
briefly described studies of 3 patients with 
cerebral metastases. All were apparently 
avascular. As discussed earlier, the marked 
hypervascularity and staining associated 
with choriocarcinoma at arteriography 
may be due primarily to the uterine de- 
cidual reaction, with the tumor itself often 
remaining relatively avascular. Since de- 
cidual reactions do not occur in other 
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Fic. 3. (4) Midline longitudinal sonography in a 
patient with intrauterine malignant trophoblastic 
disease. The uterus is enlarged with tumor echoes 
which appear concentrated anteriorly and in the 
fundus. (B) Ten days later, after a single course 
of chemotherapy, the uterus appears entirely nor- 
mal. The centrally-located linear echoes represent 
the normal endometrial cavity. 


organs, it is not surprising that metastatic 
lesions in distant sites can also be avascu- 
lar. In searching for such lesions, the an- 
giographer must look carefully for space- 
occupying masses which displace arteries 
or destroy parenchyma. The absence of 
abnormal vascularity should not rule out 
the possibility of trophoblastic metastases, 
even though the primary lesion has tradi- 
tionally been considered a hypervascular 
tumor from the arteriographic viewpoint. 


David C. Levin, M.D. 
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ABSTRACT: 


Diagnostic ultrasound has an important place to play in aiding the obstetrician 
who has an abortion practice. It is most useful in accurately dating the time of con- 
ception. Based on sonographic dating, an abortion may be possible in patients with 
multiple pregnancy or in whom there is a mass in addition to pregnancy. The per- 
formance of a saline or urea abortion is made easier since the precise site of the 
uterus can be mapped out. Once an abortion has commenced, the presence or absence 
of retained products can be easily verified by ultrasound. 


poa ultrasound is a well accepted 
procedure in the management of ob- 
stetric patients; several hundred examina- 
tions are performed each week in many 
centers on pregnant women as they pro- 
gress to term. This modality is also useful 
in the evaluation of patients scheduled to 
undergo elective abortion, but heretofore 
this use has not been described in the liter- 
ature. The following discussion and case 
reports demonstrate the clinical applica- 
tions of sonography in elective abortion 
and is based on over 1,000 sonograms per- 
formed to evaluate patients about to under- 
go elective abortion at The Johns Hopkins 
Hospital. 


DETERMINATION OF THE DURATION 
OF PREGNANCY 


There are well accepted tables relating 
the fetal biparietal diameter to gestational 
age.! The most frequent use of ultrasound 
in relation to elective abortion is in the cal- 
culation of the duration of pregnancy. 
Medical, moral, legal, and emotional fact- 
ors permit suction curettage and saline in- 
jection only within well defined periods of 
pregnancy. In most institutions curettage Is 
considered unsafe after 12 to 14 weeks; 
other methods are illegal after 26 weeks. 


Sonography has been helpful in deciding 
which technique was appropriate in pa- 
tients with a borderline gestational age. 


REPORT OF CASES 


Case 1. T.F., an obese 25 year old para 1001 
presented with amenorrhea of 15 weeks’ dura- 
tion. Palpation was difficult because of the pa- 
tient’s obesity but suggested that the uterine 
size was consistent with a 12 week pregnancy. 
A sonogram showed a small uterus containing 
fetal parts but no gestational sac or fetal head. 
Measurement of the uterus from the sonogram 
showed a size consistent with an 11 week gesta- 
tion according to the tables prepared by Hell- 
man eż a/.2 No complications followed a suction 
abortion which delivered a fetus whose size and 
weight were within the limits for age predicted 
previously by sonography. 


Comment. It is generally accepted that 
suction abortion should not be performed 
more than 12 to 14 weeks after conception. 
Although by dates this pregnancy was be- 
yond this limit, both the sonogram and pal- 
pation showed a fetus which was less ma- 
ture. Since the clinician’s opinion was con- 
firmed by the sonogram, a suction abortion 
was performed. On many similar occasions 
conflict between clinical findings and the 
patient’s dates has been resolved by sonog- 


* From the Departments of Radiology and Radiological Science, The Johns Hopkins Medical Institutions, Baltimore, Maryland. 
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Fic. 1. Longitudinal sonogram of a patient with a 
single vertex presentation. At the fundus of the 
uterus is a large cystic lesion (C), later shown to be 
a benign cystic teratoma (dermoid cyst). The pla- 
centa is anterior.* 


* All longitudinal scans are presented with patient’s head to the 
left; lower marker designates the symphysis pubis, upper marker 
the umbilicus. 


raphy even at this early stage in pregnancy. 


Case 11. B.D., a 22 year old para o presented 
desiring abortion claiming that she was 20 
weeks pregnant. On palpation, the uterus was 
felt to be of a 24 week pregnancy size. However, 
a sonogram showed a fetal biparietal diameter 
consistent with a 20 week pregnancy. A saline 
elective abortion was performed uneventfully 
and confirmed that the fetus was of a 20 week 
size. 


Comment. It is not the general practice at 
The Johns Hopkins Hospital to perform 
abortions at 24 weeks. Had ultrasound 
facilities been unavailable, an abortion 
would not have been performed in this 
instance because palpation indicated a 24 
week pregnancy. However, palpation has 
been shown to be less accurate than ultra- 
sound in the estimation of gestational age,‘ 
and with the information from the sono- 
gram that a 20 week pregnancy was pres- 
ent, saline elective abortion was performed. 
On several other occasions palpation has 
suggested that a pregnancy was more ad- 
vanced than it was subsequently shown to 
be by sonography and at delivery; many 
of these discrepancies occur because of 
coincident polyhydramnios. For this rea- 
son, we now routinely check the duration 
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of pregnancy by ultrasound in patients de- 
siring abortion, whose pregnancies appear 
to be between 22 and 28 weeks in duration 
by palpation. 


LARGE UTERUS 


In most cases where the examiner feels 
that the pregnancy is further along than 
dates indicate, sonography supports the 
physical examination. Patients may bleed 
early in pregnancy or may report their last 
menstrual period erroneously, either in- 
tentionally or not. However, if there is a 
discrepancy or any question about the 
physical examination, sonography allows a 
more accurate delineation of the duration 
of the pregnancy and perhaps then an 
abortion can be performed. 


Case 11. Mass plus pregnancy. M.J., a 19 
year old para o was 16 weeks pregnant by dates 
but 24 weeks pregnant by examination. Sonog- 
raphy showed a 22 week gestation and a fundal 
cystic mass 12X 15X7 cm. in diameter (Fig. 1). 
An elective abortion was performed by saline 
injection, with the passage of a fetus of a size 
consistent with a 22 week pregnancy. A uni- 
lateral dermoid cyst was removed at laparot- 
omy 4 weeks later. 


Comment. On 5 occasions we have found 
ovarian cysts or dermoids in association 





Fic. 2. Twin pregnancies in a girl who presented 
with a 26 week pregnancy by examination. The 
biparietal diameter of twins was consistent with a 
22 week gestation, and they were successfully 
aborted. 
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with pregnancies which have led the exam- 
ining clinician to believe the palpated 
uterus was so large that an abortion would 
not be possible. Following the ultrasonic 
delineation of the coincident mass, all have 
had uneventful elective abortions. 


Case iv. Twins. U.V., a 13 year old para o 
was 22 weeks pregnant by dates but 26 weeks 
pregnant by examination. Sonography showed 
a 22 week twin gestation (Fig. 2), and the 
patient had an uneventful elective abortion. 
The size of the twins was consistent with a 22 
week duration of pregnancy. 


Comment. A confident diagnosis of twins 
can easily be made by B-scan ultrasound. 
Although we have seen a number of twins 
amongst our abortion population, only on 
2 occasions has the discovery of twins in- 
fluenced whether or not an abortion could 
be performed. 


Case v. Myomata. B.R., a 34 year old para o 
was 18 weeks pregnant by dates. The uterine 
size was consistent with a 24 to 26 week preg- 
nancy thought to be secondary to a combina- 
tion of pregnancy and a myoma. This diagnosis 
was confirmed by sonography (Fig. 3), which 
showed a fetal biparietal diameter of 3.8 cm. 
(consistent with an 18 week pregnancy) as well 
as a fundal myoma. An elective abortion was 
performed showing the fetus to be 18 week size. 


Comment. Myomata in association with 
pregnancy are generally diagnosed clinic- 
ally by palpation since the uterus has a 





Fic. 3. Patient with an 18 week pregnancy and 
a myoma (M). Longitudinal sonogram. 
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Fic. 4. Longitudinal sonogram. In addition to the 
uterus (U) which contains a gestational sac (G) 
and which is seen behind the bladder (B), there 
is a large cystic lesion (C) into which a saline in- 
jection was inadvertently placed. 


hard, knobby consistency. A diagnosis of 
myomata in this patient had been made 
clinically; however, confirmation by ultra- 
sonography was valuable since the presence 
of the myomata had made dating by pal- 
pation inaccurate. 


MIDTRIMESTER ABORTION 


Given the decision to proceed with an 
elective abortion, certain mechanical or 
technical problems may interfere with 
smooth performance of the procedure and 
increase the chance for morbidity, par- 
ticularly in the extremely obese patient. In 
such patients the uterus is hard to feel and 
delineate and there may be difficulty in 
obtaining amniotic fluid. Abdominal wall 
thickness can be determined by ultrasound 
and the optimal needle site mapped out for 
the obstetrician. On occasions, the uterus 
is markedly deviated to the right or left, 
causing problems with needle placement. 
The correct site for needle insertion can be 
suggested by ultrasound. Placental posi- 
tion may interfere with the amniocentesis 
and produce “bloody taps” if the placenta 
is anteriorly located. Sonography can local- 
ize the placenta and allow a clear exchange 
of fluid and saline. Similarly, pelvic or 
parauterine masses may preclude smooth 
entery of the amniocentesis needle into the 





Fic. 5. Longitudinal section of an somali preg- 
nancy. The uterine outline is poorly defined, the 
head is too close to the abdominal wall, and the 
placenta was never visualized. 


uterus either by displacing the uterus or 
mimicking it in shape and consistency, 
thus lending themselves to inadvertent 
puncture with subsequent injection of the 
hypertonic solution. 


Case vi. Injection into extrauterine mass. 
F.R., a 21 year old para 1001 was Io weeks 
pregnant by dates and 18 weeks pregnant by 
examination. A pregnancy test was positive. A 
saline injection was done in the normal manner 
with 200 cc. of clear fluid exchanged for 200 cc. 
of normal saline. After 48 hours there were no 
contractions and no response to intravenous 
pitocin. A sonogram showed a 13X1I3X7 cm. 
cystic mass above the uterus into which it 1s 
assumed that the saline infusion had been in- 
jected (Fig. 4). Uterine measurements were 
consistent with an 18 week pregnancy. Treat- 
ment was by suction curettage and at explora- 
tory laparotomy an intact dermoid cyst was 
removed. 


Comment. Introduction of the saline into 
the dermoid cyst had no clinical sequelae 
apart from the clinical embarrassment. 
This case emphasizes the difficulty the 
clinician may have in separating a soft 
mass such as an ovarian cyst from the 
uterus. 


Case vit. Abdominal pregnancy. A.H., a 
Ig year old para o was 19 weeks pregnant by 
dates and examination. Sonography was in- 
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terpreted as a normal 20 week intrauterine preg- 
nancy. Two saline injections and intravenous 
pitocin failed to induce an abortion. At lapa- 
rotomy a Ig week extrauterine pregnancy was 
found. A review of the sonogram showed the 
original error in interpretation. 


Comment. In retrospect, it is apparent 
that the sonogram appearances were ab- 
normal (Fig. 5). The fetal head was located 
abnormally close to the abdominal wall, 
there was absence of the usual uterine out- 
line, and it was impossible to make out the 
placenta. These appearances seem diag- 
nostic of abdominal pregnancy, and we be- 
lieve that the diagnosis of abdominal preg- 
nancy will be made by ultrasound in the 
future. 


RETAINED PRODUCTS 


Case vil. B.L., a 21 year old para o had a 
suction abortion performed at 12 weeks. 
Vaginal bleeding occurred 48 hours following 
the abortion. A sonogram was therefore per- 
formed which showed retained placenta in 
addition to blood clot (Fig. 6). The patient sub- 
sequently had a repeat dilatation and curettage 
with total removal of the retained placenta. 


Comment. After most suction and saline 
abortions some retained products probably 
remain in the form of blood clots. Before a 
diagnosis of retained products is made ul- 
trasonically, a structure such as a hand, 





Fic. ê. This patient had had a suction abortion per- 


formed 48 hours previously. The longitudinal 
sonogram shows retained placenta (P) and blood 
clot (B) within the uterus. 
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head or placenta should be distinguished 
from the debris within the uterus. If there 
is any question of whether retained products 
are present or not, sequential sonograms 
over the days following the abortion should 
be performed since blood clots will disap- 
pear while retained products will persist. 


Roger C. Sanders, B.M. 
Department of Radiology and Radiological Science 
The Johns Hopkins Medical Institutions 
Baltimore, Maryland 21205 
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ABSTRACT: 


In 14 patients with'an indwelling catheter, 48 different determinations of bladder 
volume were made using § different ultrasonic methods. The simplest procedure, the 
largest sagittal diameter of the bladder in the median plane, gave only a rough esti- 
mate of the bladder volume. The product of bladder depth, height, and width, as 
determined from transverse and sagittal scans, showed the best correlation to the 
true bladder volume (r=o.go). Computerized reconstruction of multiple serial cross 
sections proved less accurate than the much simpler depth, height, width product. 
None of the methods for quantitation of small volumes was good, but qualitative 
determination of small volumes was accurate. 


ALTHOUGH large amounts of residual 
urine may be detected and roughly 
quantified by palpation and percussion, 


the ultimate quantitative measurement of - 


residual urine can only be accomplished 
by urethral catheterization. Catheteriza- 
tion, however, bears the risk of infection, 
especially in cases of retention,-and may 
cause traumatic edema and thereby in- 
crease a urethral obstruction. Therefore, 
various methods for an indirect determina- 
tion of residual urine have-been used. A 
post-voiding bladder film as part of intra- 
venous pyelography will give an estimate 
of the residual urine.? The phenolsulphon- 
phthalein (PSPY and radioisotope’ tech- 
niques depend on normal kidney function 
but give reasonable estimates of residual 
urine. 

Since the acoustic impedances of fluid 
and solid tissue are very different, ultra- 
sonic ‘scanning should be well suited to 
demonstration of the urinary bladder. 
Holmes® and others?! have used simple 
ultrasonic parameters to estimate bladder 
volume. The distance between the anterior 
and posterior walls of the bladder as mea- 
sured by A-mode (one dimensional) showed 
a poor correlation to the true bladder 
volume. A closer correlation was reached 


. From the Ultrasonic Laboratory, Department of Surgery H, Gentofte 
t Present Address: Department of Radiology, Dartmouth Medical School, 


minations in each patient. 


when the bladder volume was estimated 
from two dimensional scanning pictures of 
the bladder. 
It has been shown that serial transverse 
sections reconstructed by a computer give a 
good approximation of liver and spleen 
volumes’ and might also prove valuable in 
determining residual urine volume. 

We have analyzed this possibility in 14 
patients, 


MATERIAL AND METHOD 


Fourteen patients were studied: 4 had 
prostatic hypertrophy; 5 had cystoceles; 
and 5 had neurogenic bladders. All had in- 
dwelling catheters. The bladder was filled 
with sterile saline and emptied in fractions, 
allowing up to 4 different volume deter- 
Corrections 
were made for urine production during the 
examination and for volume of the balloon 
catheter. A total of 48 different bladder 
volume determinations was made, 16 in 
each of the 3 patient categories. The equip- 
ment used was a modified Hewlett Packard 
7214 A ultrasound apparatus, an Ekoline 
B-scanner, and a Tektronix 603 storage 
oscilloscope. A 2.25 MHz transducer, fo- 
cussed at Io cm., was used with oil as a cou- 
pling medium. 


itel DK-2900, Hellerup, Denmark. 
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Fic. 1. On the left, a median sagittal section through the bladder. The short line off the skin marks the 
symphysis. The line traversing the bladder represents the largest bladder dimension obtainable in this 
plane with the transducer located 1 cm. above the symphysis. The bladder depth and height are indicated 
by d and h, respectively. On the right, a transverse section of the bladder through the line marked on the 
sagittal section. The short line off the skin marks the midline. The bladder width is indicated by w. 


The following ultrasonic recordings were 
made: (1) the largest sagittal diameter of 
the bladder obtainable with the transducer 
located in the midline 1 cm. above the 
symphysis; (2) a sagittal scan in the mid- 
line; (3) a transverse scan I cm. above the 
pubis; and (4) serial sagittal scans spaced 
at I.5 or 1.0 cm. intervals across the total 
width of the bladder. All scans were photo- 
graphed on Polaroid prints. 

The true bladder volume was plotted 
against the following ultrasonic param- 
eters: (1) the sagittal diameter; (2) the 
area of the midline sagittal section of the 
bladder; (3) the sum of the areas of the 
sagittal and transverse sections; (4) the 
product of depth, height, and width as esti- 
mated from the sagittal and transverse 


pictures (Fig. 1); and (5) bladder volume 
calculated from the serial sagittal sections 
by means of a pencil follower and a com- 
puter using a program for spleen volume 
determination.’ 


RESULTS 


Scattergrams were drawn of the various 
bladder volume estimates against true 
volume. These showed that the product of 
depth, width, and height gives the closest 
estimate of the true volume, followed by 
the sum of the sagittal and transverse 
areas, the midline sagittal area, and the 
simple sagittal diameter. The same order 
was found for the correlation coefficients 
when linear regression analysis was per- 
formed for the true values as well as for 


476 
TRUE 
BLADDER 
VOLUME 
(ML) 
600 
te 
Pi 
Pa 
o 
400 Z 
Pa 
7 
x x 
300 Fa ee 
o s’ 
ye x x 
200 Pa Pe x i "i 
7” ADA x *§ 
A / 
Je ant y x 
100 O Xg? 
A Xx a 
A Pa 
Pi 


200 400 600 800 1000 


J. F. Pedersen, R. J. Bartrum, Jr. and C. Grytter | 


OCTOBER, 1975 


* prostatic hypertrophy 
e cystocele 


a neurogenic bladder 


1200 400 1600 1800cm° 


MEASURED BLADDER WIDTH « DEPTH x HEIGHT 


Fic. 2. Scattergram showing the relation between bladder volume estimated from bladder depth, height, and 
width and the true bladder volume. Also shown are the linear regression line and the 95 per cent confidence 


intervals. 


the logarithms of the values. The volume 
computed from serial sagittal sections did 
not correlate so well as the product of 
depth, height, and width. Since this method 
- required considerable extra effort, it was 
dropped from further consideration. 

Figure 2 shows the scattergram and re- 
gression analysis for the product of depth, 
height, and width. The linear regression 
equation is: V=(Depth x Width X Height] 
X1.39+404117 ml. (95 per cent con- 
fidence interval); the correlation coefficient 
is 0.90, p <0.001 (Fig. 1). 

Figure 3 shows the scattergram for the 
simplest method, the single sagittal diame- 
ter. Regression analysis of these data 
yielded poor correlation. 


, DISCUSSION 
Since the filled bladder is not spherical, it 


is not surprising that the simple sagittal 
diameter of the bladder gives only a rough 
estimate of the bladder volume. This mea- 
surement is included because it may be per- 
formed with simple ultrasound apparatus 
(eg. an echoencephalograph or an echo- 
cardiograph). If the procedure is expanded 
to include more sagittal diameters of the 
bladder with the transducer pointing prox- 
imally and distally, as suggested by West,® 
a somewhat more precise estimate should 
be obtainable. 

Among the volume estimates obtained 


. from scanning pictures, the product of 


bladder depth, height, and width is supe- 
rior to the estimates based on planimetry. 
This is somewhat surprising since planim- 
etry should compensate better for indi- 
vidual variation in bladder shape. This 


_may be caused by improper delineation of 
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Fic. 3. Scattergram showing the relation between the sagittal diameter 
of the bladder and the true bladder volume. 


parts of the bladder contour while scan- 
ning. 

It is also interesting that the elaborate 
technique of volume computation from 
serial parallel sections is not suited for 
bladder volume determination. The reason 
appears to be that sections near the lateral 
borders of the bladder were difficult to re- 
cord accurately. This was partly because 
of the poor orientation of the reflecting 
surfaces (i.e, far from perpendicular to 
the sound beam) and partly because of air- 
filled intestine between the bladder and 
abdominal wall. 

The 3 patient groups of prostatic hyper- 
trophy, cystocele, and neurogenic bladder 
were chosen to cover different bladder con- 
figurations. Unfortunately, the bladder 
capacity of the patients with neurogenic 
bladders was below 300 ml., precluding the 
evaluation of these patients over a wide 


range of bladder shapes. 

It appears from this, as from other stud- 
les, that ultrasound is rather poor in quan- 
tifying small bladder volumes.58 How- 
ever, it is possible to determine qualita- 
tively whether residual urine is present. 

The scanning pictures upon which these 
calculations are based rely upon specular 
reflections. Therefore it is essential that the 
sound beam strikes the bladder wall at a 
nearly normal angle. Since this is possible 
only for limited portions of the bladder, a 
reduced picture quality results, which prob- 
ably explains a great deal of the inaccuracy. 
Advanced gray-scale techniques rely on 
scattered reflections and may therefore give 
a better delineation of the bladder and a 
more precise estimate of its volume. 

The amount of energy introduced into 
the organism at diagnostic ultrasound 
levels is far below the amount introduced 
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ROENTGENOLOGIC EVALUATION OF A NEW 
PROSTHETIC SPHINCTER FOR THE 
TREATMENT OF URINARY INCONTINENCE* 


By TERRY M. SILVER, M.D.,¢ and ANANIAS C. DIOKNO, M.D.+ 


ANN ARBOR, MICHIGAN 


ABSTRACT: 


A new prosthetic device for the treatment of urinary incontinence, caused by a 
variety of etiologies, has been used 8 times at the University of Michigan Medical 


Center. 


Since the entire device is filled with contrast medium, the radiologist plays a major 


role in its evaluation. 


A brief description of the implantable urinary sphincter and its normal and ab- 
normal roentgenographic appearances are presented and discussed. 
Roentgenologic findings which could lead to early clinical detection of mechan- 


ical failure are illustrated. 


ECENT advances? in the treatment of 
urinary incontinence have led to the 
development of an implantable prosthetic 
urinary sphincter§ which enables patients 
to achieve external voluntary control of 
bladder function. Early results of others as 
well as our own experience are encouraging 
from the standpoints of restoration of urin- 
ary continence, and applicability of this 
device for treating urinary incontinence 
due to a variety of etiologies.!? 

Roentgenologic evaluation of this device 
is possible because the components of the 
artificial sphincter are filled with radio- 
paque contrast medium. Thus, mechanical 
complications and device malfunction can 
be recognized roentgenographically. 

The purposes of this paper are to de- 
scribe this device briefly, depict its normal 
roentgenographic appearance, and illus- 
trate roentgenographic signs which can lead 
to early clinical detection of mechanical 
failure. To our knowledge, there are no 
previous reports on this subject in the 
radiologic literature. 

§ Silicone rubber composition; manufactured by G.U. Pros- 


thetics Division, American Medical Systems, Inc., Golden Valley, 
Minnesota. 


DESCRIPTION OF DEVICE 


The prosthetic sphincter is made up of 4 
components (Fig. 1): a reservoir, an in- 
flatable occlusive cuff, which completely 
encircles the urethra or vesical neck, and 
two pumps (one, a cuff inflating mechanism 
and the other, a cuff deflating mechanism). 
The entire system is fluid-filled with con- 
trast medium (Fig. 2) and comprises a 
closed system which does not communicate 
with the urinary tract. Catheter-like con- 
necting tubes, which pass through the 
inguinal canals, serve as conduits for fluid 
transfer between the components of the de- 
vice. The tubing is joined together by 
angled or straight stainless steel connectors 
(Fig. 1). 

Each pump, consisting of a bulb and 2 
valves, permits unidirectional fluid flow 
to and from the cuff (Fig. 2). By compress- 
ing the inflate bulb, fluid flows into the 
cuff, occluding the urethra or vesical neck, 
depending on cuff position.|| When a pre- 
determined pressure within the cuff is 
reached, no additional fluid can pass into 


|| The cuff may be implanted around the vesical neck or proxi- 
mal bulbous urethra in the male, or around the vesical neck in the 
female. 


* From the Departments of Radiology,t and Surgery, Section of Urology,t University of Michigan Medical Center, Ann Arbor 


Michigan. 
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Fic. 1. Plain roentgenogram or the implantable 
prosthetic urinary sphincter without contrast ma- 
terial. 

The 4 major components of the system (reser- 
voir (R), urethral cuff (C) and two bulbs (B)) are 
joined together by connecting tubes. The connect- 
ing tubes are linked to each other by straight stain- 
less steel connectors (arrow). The 4 valves insure 
unidirectional fluid flow (Vi, Vo, V3, V4). 


it. Compression of the deflate bulb with- 
draws fluid from the cuff (thereby deflating 
the cuff and releasing urethral constriction) 
back into the reservoir. The bulbs (pump- 
ing mechanism) are implanted subcutane- 
ously either in the scrotum or the labia. 
For standardization purposes, the inflate 
and deflate bulbs are implanted on the 
right and left sides, respectively. The 
reservoir is attached to the posterior rectus 


Terry M. Silver and Ananias C. Diokno 





OcTOBER, 1975 


muscle sheath. The surgical procedure for 
implantation of this device has been de- 
scribed by Scott.! 


MATERIAL AND METHOD 


At the University of Michigan Medical 
Center, urinary incontinence has been 
treated by one of us (ACD) utilizing this 
implantable prosthetic urinary sphincter in 
8 patients (6 males and 2 females), from 12 
to 78 years of age. Etiologies of incontin- 
ence treated with this device include post- 
surgical transurethral prostate resection (4 
patients), trauma (2 patients) and neuro- 
logic causes (2 patients). 

A plain roentgenogram of the pelvis to 
include the entire device was obtained with- 
in I week of surgical implantation on all 8 
patients. Follow-up roentgenograms were 





Fic. 2. Plain roentgenogram of the prosthetic 
sphincter with contrast material. 

The entire system is filled with contrast me- 
dium, and the route of unidirectional fluid flow to 
(short solid arrows) and from (long open arrows) 
the cuff is shown. Compression of the inflate bulb 
has resulted in the flow of contrast into the ure- 


thral cuf. R = reservoir. C=cuff. B= bulb. 
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obtained only when problems were en- 
countered clinically. All of the roentgeno- 
grams were analyzed using the following 
criteria: 

1. Location and position of the reservoir, 

bulbs, and cuff 

2. Appearance of the cuff (inflated or 

deflated) and bulbs (full or com- 
pressed( (Fig. 3) 

3. Location and course of connecting 
tubes (gently curved, angulated or 
kinked) 

Presence of air within the system 
. Evidence of contrast material ex- 
travasation outside the system. 


ne 


RESULTS 
I, NORMAL ROENTGENOGRAPHIC APPEARANCE 


The contrast filled reservoir has a round 
configuration and projects over the sacrum 
near the midline (Fig. 3). It is seen just 
above the urinary bladder if the latter con- 
tains contrast material opacified urine 
(Fig. 4). Indentations in the contour of the 


ge 





Fic. 3. Deflated cuff (nonocclusive configuration) 
around the vesical neck. 

Minimal residual contrast is faintly seen in the 
cuff (small arrows) following compression of the 
deflate bulb (large arrows). The cuff projects over 
the pubic symphysis, indicating its anatomic loca- 
tion around the vesical neck. The perfectly round 
configuration of the reservoir is normal. The 
slightly flattened (compressed) configuration of 
the deflate bulb within the left labium may be seen 
normally when the cuff is empty. Note the pres- 
ence of air within the connecting tubes and deflate 


bulb. 


Prosthetic Urinary Sphincter 





Fic. 4. Normal relationship of the sphincter to the 
urinary tract during excretory urography. 

The round reservoir is seen just above the uri- 
nary bladder and between the ureters. The rela- 
tionship of the contrast filled cuff to the soft tis- 
sues of the penis, and its position beneath pubic 
symphysis, indicates its location around the prox- 
imal bulbous urethra. 


reservoir may be seen normally (Fig. 5). 
The occlusive cuff has a variable shape and 
is located near the midline beneath or pro- 
jecting over the pubic symphysis, depend- 
ing on the site of surgical implantation 
(Fig. 4; and 6). The relationship of the cuff 
to the soft tissues of the penis indicates its 
anatomic location either around the vesical 
neck or proximal bulbous urethra (Fig. 4). 
The 2 bulbs are identified within the scro- 
tum or labia and should be at approxi- 
mately the same level, in relation to each 
other (Fig. 5). 

The connecting tubes should emerge 
from and enter the cuff symmetrically and 
describe a gently curved course to and from 
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Fic. 5. Normal roentgenographic appearance of 
sphincter with urethral cuff inflated. 

The entire sphincter is filled with contrast ma- 
terial. The bulbs have an ovoid configuration and 
they are at approximately the same level within 
the scrotum. Note the symmetry of the connecting 
tubes entering and leaving the inflated urethral 
cuff. The triangular lucency in the center of the 
cuff demarcates the position of the bulbous 
urethra. The indentation in the contour of the 
reservoir superiorly is normal. A healed right in- 
ferior pubic ramus fracture is present. 


the reservoir without acute angulation 
(Fig. 5). The tubing should be continuous 
without defects or points of disconnection. 
The connecting tubes are joined together 
by angled or straight roentgenographically 
Opaque connectors. 

The entire system should be outlined by 
contrast material and no air should be 
present within the system. No contrast 
material should be seen outside the system 


(Fig. 5; and 8B). 
II. ABNORMAL ROENTGENOGRAPHIC APPEARANCE 
A. Plain Films 


1. Asymmetric Bulb Position 
In our only pediatric case, the position of 
the deflate bulb in the left labium was 
higher than the inflate bulb in the right 
labium (Fig. 6). 


Comment. Although this made it more 
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difficult for the patient to grasp and com- 
press the deflate bulb than the inflate bulb, 
the device functioned properly. 

2. Twisted Urethral Cuff 

A markedly tortuous and abnormal 
course of the connecting tube exiting from 
the urethral cuff was seen in another case. 
Slight deviation of urethral cuff position, 
off the midline, was also present (Fig. 7). 

Comment. At operation, torquing of the 
urethral cuff with pressure erosion into the 
urethra was confirmed. 

3. Kinked Connecting Tubes 

In a third case, abrupt angulations in the 
connecting tubes entering into and exiting 
from the inflate bulb were obvious roent- 
genographically (Fig. 84). 

Comment. The kinks were considered the 
cause of the patient’s inability to inflate 
the occlusive cuff, and resulted in recur- 
rence of urinary incontinence. Surgical 
correction of the kink rendered the patient 
continent (Fig. 88). 

4. Presence of Air within the System 

The presence of air in the contrast-filled 
system was seen in three cases. Well de- 





Fic. 6. Asymmetric bulb position and air within the 
system. 

The deflate bulb in the left labium is higher than 
the inflate bulb in the right labium. Lucent filling 
defects in the contrast-filled connecting tubes 
(open arrows) and deflate bulb (solid arrow) repre- 
sent air within the system. 
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fined filling defects in the contrast-filled 
connecting tubes are diagnostic on the plain 
roentgenogram (Fig. 6). 

Comment. Decubitus or upright views are 
mandatory to detect air in the reservoir, 
which may be the only site of air within the 
entire system (Fig. 9). 


B. Retrograde Urethrogram 


1. Urethral Extravasation 

Extravasation of contrast material from 
the urethral lumen was seen surrounding 
the urethral cuff in 1 case (Fig. 10). 

Comment. At operation, a periurethral 
abscess which eroded into the urethra was 
found. No signs of abscess within the soft 
tissues were seen on the plain roentgeno- 
gram. 


DISCUSSION 


The radiologist plays a major role in 
evaluating the mechanical and functional 
integrity of the implantable prosthetic 
urinary sphincter. Increasing use of this 
device makes familiarity with the normal 
and abnormal postoperative roentgeno- 
graphic appearance essential. 

Several types of roentgenologic examina- 
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Fic. 7. Twisted urethral cuff. 

The position of the urethral cuff is to the left or 
midline. The markedly tortuous and redundant 
course of the connecting tube leaving the urethral 
cuff is abnormal (arrows). 


tions may be used to evaluate the artificial 
sphincter. Plain roentgenograms are suff- 
cient for identification of the position and 
location of the various components which 





surgical correction. 


(4) The connecting tubes entering (solid arrow) and 
emerging from (open arrow) the inflate bulb are abruptly 
angulated shortly above the bulb. The patient was un- 
able to inflate the occlusive cuff (which is void of con- 


Fic. 8. Kinked connecting tubes prior to (4) and after (B) 





trast material) resulting in incontinence. (B) Surgical correction rendered the patient continent. The 
kinks are no longer present. Note that one angled connector has been replaced by a straight one. 
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Fic. 9. Air in the reservoir. Right decubitus view. 
A cone down view of the reservoir shows an air- 
fluid level (arrows) within it indicating the pres- 
ence of air. Upright views may be used as an alter- 
native to decubitus views to demonstrate air in the 
reservoir. 


comprise the device. Identification of most 
mechanical complications accounting for 
device malfunction can also be established 
from plain roentgenograms. Sphincter func- 
tion may be monitored roentgenographi- 
cally by fluoroscopy or fluorocystography. 
The latter is useful for roentgenographic 
documentation of bladder leakage (inconti- 
nence) with straining or coughing in the 
upright position, and may be performed 
after excretory urography.! Fluoroscopy 
allows direct visualization of change in cuff 
configuration, as the patient squeezes the 
inflation or deflation bulb. 

The significance and type of complica- 
tions which we encountered were variable. 
The presence of air in the system was the 
most frequent immediate postoperative 
roentgenographic finding and is almost un- 
avoidable despite careful surgical tech- 
nique. Although its significance is not 
known, we did not consider mechanical 
failure in any of our cases to be the result 
of air within the system. The presence of air 
at a strategic point could theoretically pro- 
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duce an “air block” within the system and 
impede fluid transfer. 

The complications of twisted urethral 
cuff, periurethral abscess and kinked con- 
necting tubes were more serious and re- 
quired surgical intervention. All 3 were 
demonstrable roentgenographically. Not all 
complications, however, can be detected 
roentgenologically. Valve failure cannot 
be perceived roentgenographically and is, 
therefore, a clinical diagnosis by exclusion. 
Two patients had valve failure in our series. 
In such cases, the radiologist’s role is to ex- 
clude other causes for device malfunction. 

Other potential complications which lend 
themselves to roentgenographic detection 
include reservoir or bulb leakage, connect- 
ing tube disconnections and tube breakage. 





Fic. 10. Urethral extravasation. Retrograde urethro- 
gram. 

Extravasation of contrast material from the ure- 
thral lumen is present. The outer circular collection 
of contrast material represents leakage around the 
urethral cuff (curved arrows). Since there is no 
contrast within the cuff itself, it appears radio- 
lucent (tiny arrows). The inner circular collection 
of contrast material represents leakage along the 
inner aspect of the urethral cuff, and the lucency 
within it represents a nonopacified segment of the 
urethra. Some contrast material has refluxed into 
the prostatic fossa and bladder, and some is seen 
in the anterior urethra (open arrows). 
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We have not encountered any of these. 

In summary, most complications which 
occur can be diagnosed or confirmed roent- 
genographically. The radiologist’s role is 
therefore crucial in evaluating patients 
treated with this device, since early recog- 
nition of mechanical complications may 
prevent irreversible damage. 

Terry M. Silver, M.D. 
Department of Radiology 


University of Michigan Medical Center 
Ann Arbor, Michigan 48104 
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XEROGRAPHIC EVALUATION OF RADICAL 
VULVECTOMY SPECIMENS* 
By JOHN R. MILBRATH, M.D.,t EDWARD J. WILKINSON, M.D.,t 
and EDUARD G. FRIEDRICH, Jr., M.D.§ 
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ABSTRACT: 


Xerography of the radical vulvectomy specimen provides a permanent and visible 
record of the major lymph node distribution within the specimen. Such documenta- 
tion is valuable to both pathologist and surgeon alike when making decisions re- 


garding the necessity of further therapy. 


The combined effort represented by this “team” approach results in a high degree 
of accuracy not available with other techniques. Only if this kind of lymph node 
assessment is applied to each and every case will it be possible to evaluate accurately 
the logic and efficacy of the new therapeutic concepts regarding invasive carcinoma 


of the vulva. 


T therapeutic approach to invasive 
carcinoma of the vulva has recently 
undergone modification in light of the data 
presented by Green ef al, Lundwall, 
Rutledge eż al and others. The classic 
treatment, radical vulvectomy and bi- 
lateral groin dissection with simultaneous 
pelvic lymphadenectomy for all cases re- 
gardless of stage, has given way to the more 
logical limitation of the procedure at the 
inguinal ligament, particularly in Stage 1 
and 1r lesions. This change in operative 
philosophy stems from the fact that when 
the inguinal and femoral lymph nodes are 
negative, so also are the deep pelvic lymph 
nodes, making their routine surgical re- 
moval unnecessary. Deep pelvic lymph 
node dissection increases the postoperative 
morbidity and adds time to an already 
lengthy procedure. 

Way,’ who pioneered the combined oper- 
ation, has since modified his views stating 
that in the cases with positive deep pelvic 
lymph nodes and negative groin lymph 
nodes, errors have been made in the histo- 
logic assessment of the groin lymph node 
status.4 Such errors are probably common, 
and occur either because the pathologist 
fails to locate every lymph node present in 


the specimen or because he sections each 
lymph node in a suboptimal manner. 

If we are henceforth to follow the con- 
cept of treating cases of Stage 1 and 1 in- 
vasive carcinoma of the vulva with primary 
radical vulvectomy and groin dissection, 
reserving pelvic lymphadenectomy for those 
cases where evidence of lymph node metas- 
tasis is found in the excised groin lymph 
nodes, then we must make every effort to 
decrease the false negativity rate of lymph 
node status assessment. 

To achieve complete evaluation of the 
lymph nodes within the radical vulvectomy 
specimen, the pathologist must be able to 
first identify all the lymph nodes within 
the specimen, and second, must sample the 
lymph nodes in an optimal manner. 

As suggested by Way,® we have employed 
xerography in evaluation of the radical 
vulvectomy specimen in an effort to in- 
crease the accuracy of lymph node identifi- 
cation. 


METHOD 


The tissue is brought directly from the 
operating room in the fresh state (Fig. 1) 
and multiple xerograms are performed of 
the entire vulvectomy specimen. Lymph 


* From the Departments of Radiology, Pathology, tGynecology and Obstetrics, {The Medical College of Wisconsin, Milwaukee, 


Wisconsin. 


+ Assistant Professor of Radiology, Breast Cancer Detection Center. t§Assistant Professor. 


486 


Vor. 125, No. 2 


nodes are identified by the radiologist and 
marked on the xerogram in the presence of 
the pathologist. Care must be taken to 
maintain the orientation of the specimen. 
Following this, the pathologist may choose 
to dissect the lymph nodes immediately or 
first to fix the specimen in formalin, as it 
was oriented on the xerogram, and dissect 
the lymph nodes from the fixed specimen. 
Using the xerogram as a guide, the lymph 
nodes are labelled as to their location as 
they are dissected from the surgical speci- 
men. This initial xerogram will localize 
areas of lymph node aggregations within 
the vulvectomy specimen and can delineate 
isolated discrete lymph nodes (Fig. 2). As 
such, it provides the pathologist with a 
“road map” of the surgical specimen, pin- 
pointing the location of the lymph nodes 
present. After completing his dissection, a 
second xerogram may indicate any lymph 
nodes inadvertently left behind. 

Once a lymph node is identified and re- 
moved from the specimen, there remains 
the difficulty of identifying metastatic tu- 
mor within the lymph node. 

The accuracy of histologic identification 
of a lymph node metastasis is dependent 
upon the size of the lymph node, size of the 
metastasis, and method of lymph node sec- 
tioning. Of these variables, only the method 
of lymph node sectioning can be controlled. 
Therefore, it is imperative that lymph 
nodes suspected of containing malignancy 
be properly sectioned. Figure 3 demon- 





Fic. 1. Radical vulvectomy specimen in fresh state. 


Xerography of Radical Vulvectomy Specimens 
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Fic. 2. Xerogram (negative mode) of 
similar specimen. 


strates the per cent probability of identi- 
fying a 2 millimeter lesion, (Dx), in vari- 
able sized lymph nodes using two different 
methods of sectioning.® If the lymph node 
is bisected (lower curve) and both cut sur- 
faces sectioned, the per cent probability of 
finding a 2 millimeter lesion in a 10 milli- 
meter lymph node is 35 per cent. Sectioning 
the same lymph node in quarters (upper 
curve) and sectioning alternate cut sur- 
faces, the per cent probability of identify- 
ing the lesion increases to 80 per cent. 
Sectioning the lymph node into five 2 
millimeter slices would further increase the 
probability of success. It is apparent that 
proper lymph node sectioning will improve 
our ability to identify lesions within 
lymph nodes. 


DISCUSSION 


The xerogram provides an excellent 
record of the distribution of the lymph 
nodes within the specimen and specific 
lymph node locations can be documented. 
After the histological evaluation, positive 
lymph nodes can be marked on the xero- 
gram thus achieving an accurate, visible, 
and permanent record of the orientation of 
positive lymph nodes within the surgical 
specimen. 

Formalin fixation, prior to xerography, 
has the advantage of maintaining tissue 
orientation better than in the fresh speci- 
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Fic. 3. Per cent probability of identifying a 2 milli- 
meter lesion (Dz) in variable sized lymph nodes 
using two different methods of sectioning. 


men. We have found that xerography is 
satisfactory on the formalin fixed vulvec- 
tomy specimen. Tissue fixed in Zenker’s 
solution, however, does not lend itself well 
to xerography. Multiple small metallic 
densities are scattered over the specimen 
probably as a result of mercurial deposition 
from the fixative. 

Very small lymph nodes, and those 
superimposed on one another, are difficult 
to identify with xerography. Occasionally, 
hematomas, vessels, and adipose tissue, 


J. R. Milbrath, E. J. Wilkinson and E. G. Friedrich, Jr. 
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particularly at the edges of the specimen, 
may be falsely interpreted as lymph nodes. 

Xerography offers greater latitude than 
conventional film and, due to its “edge 
enhancement” effect, the borders of lymph 
nodes are more clearly seen.’ 


John R. Milbrath, M.D. 

Breast Cancer Detection Center 
The Medical College of Wisconsin 
8700 West Wisconsin Avenue 
Milwaukee, Wisconsin 53226 
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OPERATIVE CHOLANGIOGRAPHY: THE OBLIGATION 
OF THE RADIOLOGIST TO THE SURGEON 
AND HIS PATIENT 


HE technique of nonoperative re- 

moval of retained biliary tract stones 
has become an accepted and useful pro- 
cedure.* Those publishing their techniques 
and results document the unfortunate fre- 
quency of retained biliary tract stones fol- 
lowing cholecystectomy. There is pos- 
sibly an admission here of neglect and a 
default in the obligation to the patient 
undergoing cholecystectomy by not pro- 
viding reasonable opportunity that com- 
mon duct stones, if present, will be de- 
tected and removed at the time of the ini- 
tial surgery. Residual common duct stones 
following cholecystectomy should be a 
rare, not a common occurrence. Operative 
cholangiography is a simple roentgeno- 
graphic procedure, which should be incor- 
porated as a routine study in all cholecys- 
tectomies, with or without suspicion of 
common duct stones. Many surgeons re- 
main skeptical of its value. This skepticism 
can be enhanced by a disinterested radiol- 
ogy service unwilling to spend the time to 
provide precise technical assistance and 
demonstrate how helpful this procedure 
can be. The cholangiogram adds no addi- 
tional risk to the patient and does not 
lengthen the surgical procedure signifi- 
cantly. Over-all morbidity and cost of pa- 
tient care are reduced. Too often, surgeons 
who have requested operative cholangiog- 
raphy have discarded its use after inade- 
quate technique and poor quality films 
have yielded unsatisfactory results. Twenty 
years of routine use of operative cholangi- 
ography in over 3,000 procedures have pro- 
vided a valid basis for the following com- 
ments. 


Time and again surgical intuition has 
been proved fallacious in the detection of 
stones in the common duct, either before or 
following choledochotomy. A surgical resi- 
dent once observed that the few minutes 
spent in x-raying the duct are more con- 
vincing than the longer time it takes to 
debate whether or not choledochotomy 
should be performed. Even when stones in 
an obviously dilated common duct are 
strongly suspected or even palpable, an 
initial cholangiogram through cannulating 
the cystic duct provides the surgeon with 
an exact concept of the problem he faces: 
Are stones present, how many, are they 
impacted, is there an unusual configuration 
of the biliary system, are there anomalies, 
is there partial or complete obstruction, 
does the common duct enter the duodenum 
via a duodenal diverticulum? The comple- 
tion cholangiogram following choledochot- 
omy and stone extraction will indicate the 
presence of residual stones, obviating a 
second surgical procedure or added mor- 
bidity and expense of percutaneous re- 
moval at some subsequent time. 

Approximately 6 per cent of patients 
having routine cystic duct cholangiograms 
show common duct stones without clinical 
suspicion, and, according to ordinary cri- 
teria, these would have escaped detection 
without a cholangiogram.® 

In many instances, a strong clinical sus- 
picion compels the surgeon to explore the 
common duct. Any surgical interference 
with the common duct and the sphincter 
of Oddi increases the morbidity, adds ap- 
proximately one hospital day to the pa- 
tient’s stay, and provides a possible source 
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of biliary stricture. Therefore, of equal im- 
portance, operative cholangiography can 
exclude unnecessary common duct explora- 
tions by revealing normal ducts and the 
absence of stones despite clinical evidence 
to the contrary. When all age groups are 
included, common duct stones probably 
occur in about Io per cent of patients with 
cholelithiasis. Clearly then, it is imperative 
that no effort be spared to render the 
surgical management of cholelithiasis de- 
finitive. 

Operative cholangiography can be sim- 
ple and achieved successfully only after 
repeated use of a well coordinated tech- 
nique and a sincerely concerned team 
effort by the surgeon, the anesthesiologist 
and the radiologist. A brief period of time 
is spent performing the procedure. The 
time awaiting its interpretation by the 
radiologist is utilized by the surgeon for 
removal of the gallbladder and reperi- 
tonealization of the gallbladder bed. Equip- 
ment need not be complicated nor expen- 
sive. Currently available mobile x-ray gen- 
erators provide superior quality films when 
competently utilized. | Explosion-proof 
equipment which is cumbersome need not 
be used where non-explosive anesthesia is 
employed. Image amplification and remote 
monitoring are not requirements. There 
are many technical hints which the inex- 
perienced or sometime cholangiographer 
should review and are available in other 
publications,!:2:7,8:10,11 

The day of the uninformed patient is 
rapidly disappearing. If he is faced with a 
second surgical procedure which can be 
more hazardous than his initial operation, 
he will justifiably ask questions. With in- 
creasing attention to professional standard 
review and internal audit, sloppy technique 
by the surgical—radiologic team will be 
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subject to more criticism. The surgeon who 
manifests displeasure and poor experience 
with operative cholangiography has not 
had the good fortune to have an interested 
radiology department or has been unwilling 
himself to devote efforts toward improving 
his surgical results. 


Joun H. Waker, M.D. 


Department of Radiology 
The Mason Clinic and Virginia Mason Hospital 
Seattle, Washington 98101 
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THE NEW SPECIAL NAMES OF SI UNITS IN THE 
FIELD OF IONIZING RADIATIONS 


T the meeting of the International Com- 
mission on Radiation Units and Mea- 
surements (ICRU) in July, 1974, the ex- 
tensive worldwide response to the previous 
correspondence on SI units!” was discussed 
is considerable detail. A statement on SI 
units was then prepared and sent to the 
International Committee of Weights and 
Measurements, CIPM, for consideration. 
In this statement the ICRU recommended 
the adoption of special names for the SI 
unit the joule per kilogram, J/kg, when 
applied to absorbed dose and related quan- 
tities, and for the SI unit the reciprocal 
second, s~!, when applied to the quantity 
activity as a measure of the rate of spon- 
taneous nuclear transformation of radio- 
active nuclides. The ICRU statement was 
also discussed at the [AEA symposium on 
Advances in Biomedical Dosimetry, March 
10-14, 1975.2 The CIPM treated the ICRU 
proposals with expedience and drafted two 
resolutions for consideration by the 15th 
General Conference of Weights and Mea- 
sures, CGPM, at its meeting in May-June, 
1975. At this meeting, which celebrated the 
100 year anniversary of the Meter Conven- 
tion, the CGPM adopted the following 
resolutions: 

Resolution H z. The Fifteenth Conférence 
Générale des Poids et Mesures: owing to 
the urgency, expressed by the Inter- 
national Commission on Radiation Units 
and Measurements (ICRU), to extend the 
use of the International System of Units 
to research work and applications in 
radiology; owing to the necessity of making 
the use of units as simple as possible for 
non-specialists; taking into account the 
seriousness of the risk of errors in therapy; 
Adopts the following special name of SI 
unit for activity: the becquerel, symbol Bq, 
equal to the second to the power minus one. 

Resolution H 2. The Fifteenth Confér- 
ence Générale des Poids et Mesures: owing 
to the urgency, expressed by the Inter- 


natiofial Commission on Radiation Units 
and Measurements (ICRU), to extend the 
use of the International System of Units to 
research work and applications in radiol- 
ogy; owing to the necessity of making the 
use of units as simple as possible for non- 
specialists; taking into account the serious- 
ness of the risk of errors in therapy; Adopts 
the following special name of SI unit for 
ionizing radiations: the gray,* symbol Gy, 
equal to the joule per kilogram. 

Thus the SI unit the joule per kilogram 
when used for ionizing radiation (absorbed 
dose, kerma, specific energy imparted, 
etc.) is given the name gray with the sym- 
bol Gy; 1 Gy=100 rad=1 J/kg. And the 
SI unit the reciprocal second (one per 
second) for activity is given the name 
becquerel, symbol Bq. 1 Bq= 1S7 ~2.703 
mio Ua. 

Antoine Henri Becquerel (1852-1908) 
discovered radioactivity in 1896 (“rayons 
de Becquerel”) and was given the Nobel 
Prize in physics in 1903 together with 
Marie and Pierre Curie. 

Louis Harold Gray (1905-1965) made 
one of the most fundamental contributions 
to radiation dosimetry, the principle now 
known as the Bragg-Gray Principle. 

The ICRU did not recommend to the 
International Committee of Weights and 
Measures that a special name be given to 
the SI unit of exposure to replace the cur- 
rently used röntgen. 

The ICRU now recommends that the 
special units the rad, the röntgen and the 
curie be gradually abandoned over a period 
not less than about 10 years and replaced 
by the SI units the gray (Gy), the coulomb 
per kilogram (C/kg) and the becquerel 
(Bq), respectively. It is desirable that pre- 
paratory steps be taken as soon as possible 


* The gray is the SI unit of absorbed dose. The gray can also be 
used with other physical quantities expressed in joules per kilo- 
gram provided these quantities belong to the field of ionizing 
radiations. 
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by various national and international bodies 
in order to facilitate a smooth, safe and 
efficient transition. 

In its report “Supplement to ICRU 
Report 19, Dose Equivalent’? the ICRU 
published its decision that the physical 
dimension of the quantity dose equivalent 
should be the same as for absorbed dose. 
From the radiation protection point of view 
the availability of a proper set of quantities 
and units in this field is of paramount im- 
portance. The formulation (for selection) 
of a suitable unit for dose equivalent is 
therefore a special problem which will be 
thoroughly discussed by ICRU. ^ 

On behalf of the International Commis- 
sion on Radiation Units and Measure- 
ments: 
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H. O. Wyckorr, Chairman 
A. Auuisy, Vice Chairman 
K. LipEN, Scientific Secretary 

K. Lidén 

Radiation Physics Department 

University Hospital 

S-221 85 Lund, Sweden 
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NEWS 


POSTGRADUATE COURSE 
“THE RADIOLOGY OF TRAUMA” 

The Department of Radiology, Cornell 
University Medical College, presents a 
Postgraduate course on “The Radiology of 
Trauma” at the Cerromar Beach Hotel, 
Dorado Beach, Puerto Rico, January Ig 
through 22, 1976. 

Cornell University Medical College and 
the New York Hospital-Cornell Medical 
Faculty include: John A. Evans, M.D., 
Harold A. Baltaxe, M.D., Michael D. F. 
Deck, M.D., Robert H. Freiberger, M.D., 
Jeremy J. Kaye, M.D., Morton A. Meyers, 
M.D., D. Gordon Potts, M.D., and Joseph 
P. Whalen, M.D.; Guest Faculty: David H. 
Baker, M.D., Robert Fraser, M.D., Robert 
McLelland, M.D., Guy Potter, M.D., 
and Elliot L. Sagall, M.D. 

The course is approved for 18 hours of 
ACR Category 1 accreditation. 

For further information, please contact: 
John A. Evans, M.D., Department of 
Radiology, Cornell University Medical 
College, 1300 York Avenue, New York, 
New York 10021. 


POSTGRADUATE COURSE ON 
GASTROINTESTINAL TRACT 

The University of Utah and George 
Washington University will offer the thir- 
teenth Radiology Seminars course, ““The 
Gastrointestinal Tract,” at the Las Vegas 
Hilton Hotel, Las Vegas, Nevada, April 1 
through 4, 1976. 

The format, introduced by Radiology 
Seminars, permits participants close con- 
tact with each faculty member. Nine 13 to 
2 hour seminars will be given. Teaching 
and case discussion will center on original 
x-ray films. The unique format requires 
that seminar groups be restricted to 10-12 
participants; registration will be limited to 
100 persons. The Course is approved for 20 
hours of Category I credit. 

For further information, please contact: 
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P. Ruben Koehler, M.D., Department of 
Radiology, University of Utah Medical 
Center, Salt Lake City, Utah 84132. 


DECISION MAKING IN DIAGNOSTIC 
MEDICINE 


A meeting, sponsored by the Society of 
Nuclear Medicine, to be held on January 
25, 1976, will focus on the theoretical, eco- 
nomic, technical, and clinical aspects of 
medical decision making with particular 
emphasis on the utilization of nuclear 
medicine and radiographic procedures. This 
full day meeting will be held in Atlanta, 
Georgia. 

For further information, please contact: 
The Society of Nuclear Medicine, 475 Park 
Avenue South, New York, New York 
10016. 


COURSE IN ULTRASOUND 


An exciting postgraduate course in Sonic 
Medicine has been organized to cover a 
three month period of in-residence training 
and will cover all aspects of ultrasonic 
technology as used today. It is designed to 
provide background, techniques, experi- 
ence, and knowledge so that the individual 
will be able to set up both an ultrasonic 
laboratory and training program. The en- 
tire course of three months is broken down 
into segments which may be divided among 
individuals with different interests. 

The material will cover acoustics, instru- 
mentation, scanning, and applications to 
obstetrics, gynecology, ophthalmology, car- 
diology (adult and pediatric), the abdomen, 
the urinary tract, and the nervous system. 

For the benefit of the students, enroll- 
ment for each three month course will be 
limited. The second course will begin Jan- 
uary 5, 1976, and the third on April 12, 
1976. 

For further information, please write to: 
Division of Continuing Education, Bow- 
man Gray School of Medicine, 300 South 
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Hawthorne Road, Winston-Salem, North 
Carolina 27103. 


SYMPOSIUM ON RADIOPHARMACEUTICAL 
DOSIMETRY 

A symposium will be held between April 
26 and 29, 1976, in Oak Ridge, Tennessee. 
It will cover the most up-to-date concepts 
of dosimetry as it relates to the use of 
radiopharmaceuticals. Invited and sub- 
mitted papers will focus on the various 
facets of the problem in an attempt to 
resolve some of the continuing questions 
on dosimetry. 

It is sponsored by the Oak Ridge Associ- 
ated Universities with co-sponsorship of the 
Energy Research and Development Ad- 
ministration, the National Cancer Insti- 
tute, the Bureau of Radiological Health, 
and the Health Physics Society. For fur- 
ther information, please contact: Roger J. 
Cloutier, Chairman, Special Training Di- 
vision, Oak Ridge Associated Universities, 
P. O. Box 117, Oak Ridge, Tennessee 37830. 


MIDWINTER RADIOLOGICAL 
CONFERENCE 

The 28th annual Midwinter Radiological 
Conference of the Los Angeles Radiological 
Society will be held in Los Angeles on 
January 30 and 31 and February 1, 1976. 
Parallel sessions will be devoted to diag- 
nostic radiology and radiation therapy. 
Workshops on the first day will require 
reservations. Commercial exhibits will be 
presented. 

There will be available a post-convention 
seminar in Hawaii, with diagnostic sessions 
each morning for a week. Further optional 
extensions are available. The sessions are 
approved for continuing education credit. 

For further information, please write to: 
J. Stanley Lance, M.D., Chairman, Mid- 
winter Conference Committee, Los Angeles 
Radiological Society, Los Angeles, Cali- 
fornia. 
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CANCER PREVENTION AND DETECTION 


The third International Symposium on 
Detection and Prevention of Cancer will be 
held in New York City, April 26 to May 1, 
1976. Conferences, panels, symposia, 
courses, and workshops are planned for the 
review of recent advances in immunology, 
tumor susceptibility, identification of high 
risk groups, and clinical and laboratory 
manifestations of cancer. 

The meeting is co-sponsored by the 
Mount Sinai School of Medicine of The 
City University of New York, The Ameri- 
can Cancer Society, and The International 
Agency for Research on Cancer of the 
World Health Organization. 

The program committee will receive 
papers until November 15, 1975. Category 
1 credit is offered for this meeting. 

For additional information and registra- 
tion forms, please write to: H. E. Nieburgs, 
M.D., Mount Sinai School of Medicine of 
the City University of New York, Fifth 
Avenue and tooth Street, New York, New 
York 10029. 


DIAGNOSTIC RADIOLOGY OF THE 
URINARY TRACT 

The Louisiana State University will 
sponsor the Aspen Seminar on Diagnostic 
Radiology of the urinary tract, in Aspen, 
Colorado, February 22 through February 
26, 1976. Sessions will be held in the early 
morning, late afternoon and evening. 

This will be an interdisciplinary contin- 
uing education experience in diagnostic 
uroradiology, surgical urology, radiation 
therapy, and uropathology, covering neo- 
plastic, inflammatory, and traumatic con- 
ditions. 

Category I credit is offered. 

For further information, please contact: 
Erich K. Lang, M.D., Program Director, 
Professor and Head, Department of Radi- 
ology, Louisiana State University School of 
Medicine in Shreveport, P.O. Box 3932, 
Shreveport, Loutsiana 71130. 
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CLARK’s Positioninc ın Rapio.tocy. Ninth 
edition. In 2 Volumes. By Kathleen C. Clark, 
M.B.E., Formerly Principal of the Ilford 
Department of Radiography and Medical 
Photography at Tavistock House, London. 
Revised and Edited by James McInnes, 
F.S.E., Society of Radiographers and Royal 
Photographic Society, London. Part I: Rou- 
tine Radiography, pp. 480, with 1,700 illus- 
trations, price, $29.95. Part II: Specialized 
Radiography, pp. 335, with 1,250 illustra- 
tions, price, $32.50. Distributed by Year 
Book Medical Publishers, 35 East Wacker 
Drive, Chicago, Ill. 60501. 


This 1s the ninth edition of this remarkable 
book, and the first to appear in 2 volumes. The 
seventh edition was reviewed in this Journal in 
December, 1957. It is a beautiful, exhaustive, 
well-organized book. It would be difficult to 
imagine any problem in adult radiography 
which is not covered by information here. 

The presentation is divided generally into 
anatomic regions, and the wealth of material 
about each region is subdivided further by indi- 
cation of the basic positions for routine exami- 
nation. For each position shown there is a clear, 
beautifully reproduced photograph of the pa- 
tient during examination, and immediately 
adjacent on the page, the resulting roentgeno- 
gram. The quality of the reproduction of the 
roentgenograms is excellent, and the illustra- 
tions provide a suitable paragon for the tech- 
nologist. Similar treatment is given to problem 
patients: those in casts or other immobilization; 
those unable to assume positions necessary for 
standard projections; and those with deformi- 
ties. In many instances roentgenograms of dis- 
ease processes are presented to enable the tech- 
nologist to make necessary compensations. 
There are even examples purposely included to 
show an improper examination and its correc- 
tion. Each section includes detailed discussion 
of the pertinent anatomy. 

Throughout the accompanying text are ad- 
monitions and means to minimize patient ir- 
radiation. Standard exposure technique for the 
average patient is included with each position, 
and instructions for modification are given. 

Division of the work into two volumes makes 
this large amount of information more readily 


accessible. In addition to extensive coverage of 
the axial and appendicular skeleton in 11 sec- 
tions, the first, basic volume includes examina- 
tion of the chest, abdomen, and skull. Special- 
ized radiography in the second volume includes 
examination of the salivary glands, temporal 
bones, neuroradiography, angiography, tomog- 
raphy, cineradiography, and many others. As 
in earlier editions, there are supplements cover- 
ing contrast media and personnel protection. 

The book describes pediatric radiography 
less extensively, but adequately. The language, 
contrast media, and films are British, but the 
illustrations and information are universal. 

For the old fashioned radiologist’ who feels 
that he cannot or should not complain about 
the technologists’ efforts unless the radiologist 
can do it better himself, this book is a sine qua 
non. It is even more necessary in the depart- 
ment of the radiologist who does not feel that 
way. 


E. FREDERICK Lang, M.D. 
BOOKS RECEIVED 


ARTHROGRAPHY OF THE SHOULDER: THE DIAGNOSIS 
AND MANAGEMENT OF THE LESIONS VISUALIZED. 
By Julius S. Neviaser, M.D., Clinical Professor 
of Orthopaedic Surgery, George Washington 
University Medical School; Formerly, Consultant- 
Lecturer at the U. S. Naval Hospital, Bethesda, 
Md., and the Walter Reed Army Hospital, Wash- 
ington, D. C.; Past Chairman of the Departments 
of Orthopaedic Surgery at the Washington Hos- 
pital Center, Washington, D. C., and the Prince 
George’s General Hospital, Cheverly, Md. Cloth. 
Pp. 272, with many illustrations. Price, $22.50. 
Charles C Thomas, Publisher, 301-327 East 
Lawrence Avenue, Springfield, Ill. 62717, 1975. 

TEXTBOOK oF NucLeAaR MeEpIcInE TECHNOLOGY. 
Second edition. By Paul J. Early, B.S., President, 
Nuclear Medicine Associates, Inc., Cleveland, 
Ohio; Muhammad Abdel Razzak, M.B.B.Ch., 
D.M., M.D. (Cairo), F.A.C.P. (U.S.A), Pro- 
fessor of Medicine, Medical Unit and Division of 
Nuclear Medicine, Faculty of Medicine, Cairo 
University, Cairo, A.R.E.; Nuclear Medicine 
Consultant, Medical Services, Egyptian Armed 
Forces; and D. Bruce Sodee, M.D., F.A.C.P., 
Associate Professor of Radiology (Nuclear Medi- 
cine), George Washington University, Washing- 
ton, D. C.; Director, Nuclear Medicine Institute, 
Cleveland, Ohio; Director, Nuclear Medicine 
Department, Hillcrest Hospital, Cleveland, Ohio. 
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Cloth. Pp. 496, with 412 illustrations. Price, 
$18.95. C. V. Mosby Company, Publishers, 3301 
Washington Boulevard, St. Louis, Mo. 63103, 
1975. 

Dracnostic Uses or Uttrrasounp. By Barry B. 
Goldberg, M.D., Head, Section of Diagnostic 
Ultrasound, Episcopal Hospital; Professor of Ra- 
diology, Temple University Health Sciences 
Center, Philadelphia, Pa.; Morris N. Kotler, M.D., 
Head, Non-Invasive Cardiac Laboratory, Hahne- 
mann Hospital; Associate Professor of Medicine, 
Hahnemann Medical College, Philadelphia, Pa.; 
Marvin C. Ziskin, M.D., M.S., Bm.E., Associate 
Professor of Radiology and Medical Physics, 
Temple University Health Sciences Center, Phila- 
delphia, Pa.; and Robert D. Waxman, B.A., Con- 
sultant in Ultrasound, Episcopal Hospital, Phila- 
delphia, Pa. Cloth. Pp. 466, with many illustra- 
tions. Price $30.00. Grune & Stratton, Inc., 111 
Fifth Avenue, New York, N. Y. 10003, 1975. 

RADIONUCLIDE STUDIES OF THE SPLEEN. By Richard 
P. Spencer, M.D., Ph.D., Professor and Chairman, 
Department of Nuclear Medicine, University of 
Connecticut School of Medicine, Farmington, 
Conn.; and Howard A. Pearson, M.D., Professor 
and Chairman, Department of Pediatrics, Yale 
University School of Medicine, New Haven, 
Conn. Cloth. Pp. 209, with some figures. Price, 
$34.95. CRC Press, Inc., 18901 Cranwood Park- 
way, Cleveland, Ohio 44128, 1975 

Synopsis oF GynEcoLocic Onco.ocy. By Philip J. 
Disaia, M.D., C. Paul Morrow, M.D., and Duane 
E. Townsend, M.D., Los Angeles County/Uni- 
versity of Southern California Medical Center; 
Women’s Hospital, Department of Obstetrics and 
Gynecology, Section of Gynecologic Oncology, 
Los Angeles, Calif. Cloth. Pp. 344, with many 
figures. Price, $19.50. John Wiley & Sons, Inc., 
Publishers, 605 Third Avenue, New York, N. Y. 
10016, 1975. 

Puorocrapuic ATLAS OF FeraL Anatomy. By Wes- 
ley W. Parke, Ph.D., Professor of Anatomy, 
Southern Illinois University School of Medicine. 
Cloth. Pp. 435, with many illustrations. Price, 
$34.50. University Park Press, Chamber of Com- 
merce Building, Baltimore, Md. 21202, 1975. 

TOMOGRAPHY AND Cross SECTIONS OF THE Ear. 
By Galdino E. Valvassori, M.D., and Richard A. 
Buckingham, M.D. Cloth. Pp. 200, with §10 illus- 
trations. Price, $65.00. W. B. Saunders Company, 
West Washington Square, Philadelphia, Pa. 19105, 
1975. 

Tracer Mernops ix Hormone Research. By E. 
Gurpide, Ph.D., Professor of Biochemistry and 
Obstetrics and Gynecology, Mount Sinai School 
of Medicine, City University of New York, New 
York, N. Y. Cloth. Pp. 188, with 35 figures. Price, 
$31.00. Volume 8 of Monographs on Endocrinol- 
ogy. Springer-Verlag New York, Inc., 175 Fifth 
Avenue, New York, N. Y. 10010, 1975. 


RaproLocy IN Primary Care. Edited by Glenn 


V. Dalrymple, M.D., Professor and Chairman, 
Department of Radiology; Professor of Biometry, 
Physiology, and Biophysics, University of Arkan- 
sas Medical Center; Chief, Radiology Service, 
Veterans Administration Hospital; Professor of 
Medical Physics, University of Arkansas at Little 
Rock, Little Rock, Ark.; and John E. Slayden, 
M.D., Assistant Professor of Radiology (Nuclear 
Medicine), University of Arkansas Medical Cen- 
ter, Little Rock, Ark. Paper. Pp. 330, with 717 
illustrations. Price, $22.50. C. V. Mosby Company, 
3301 Washington Boulevard, St. Louis, Mo. 


63103, 1975. 


‘ 


Trecntca E MeETODOLOGIA RADIOLOGICHE: Basi 


FISICHE ED APPLICAZIONI D1IAGNOSTICHE. By 
Rosario Corseri, Libero Docente in Radiologia. 
Cloth. Pp. 1,085, with many figures. Price, L. 
30.000. Cedam, Via Jappelli, 5—35100 Padova, 
Italy, 1975. 


CARCINOGENESIS AND RapiaTIoN Risk: Aa Bio- 


MATHEMATICAL RECONNAISSANCE. By W. V. 
Mayneord, C.B.E., D.Sc., F.R.S., Professor 
Emeritus of Physics as applied to Medicine, Insti- 
tute of Cancer Research (University of London); 
Consultant to the Central Electricity Generating 
Board; and R. H. Clarke, Ph.D., Central Elec- 
tricity Generating Board, Research Department, 
Berkeley Nuclear Laboratories, Berkeley, Glou- 
cestershire, England. Paper. Pp. 112. British 
Journal of Radiology, Supplement No. 12. Pub- 
lished by the British Institute of Radiology, Lon- 
don, 1975. 


Nucrear Mepicine. Edited by Henry N. Wagner, 


Jr., M.D., Professor of Medicine, Radiology, and 
Environmental Health and Director of Nuclear 
Medicine and Radiation Health, The Johns Hop- 
kins Medical Institution, Baltimore, Md.; with 
the collaboration of Irvin Block, Senior Editor, 
Hospital Practice. Cloth. Pp. 254, with many 
illustrations. Price, $18.95. HP Publishing Co., 
Inc., 485 Madison Avenue, New York, N. Y. 
10022, 1975. 


CHEMOTHERAPY OF UroGENITAL Tumors. By Gerald 


P. Murphy, M.D., D.Sc., and Arnold Mittelman, 
M.D., Roswell Park Memorial Institute, Buffalo, 
N. Y. Foreword by Willet F. Whitmore, Jr., M.D., 
Chief, Urologic Service, Memorial Hospital for 
Cancer and Allied Diseases, New York, N. Y. 
Cloth. Pp. 268, with some figures. Price, $24.50. 
Charles C Thomas, Publisher, 301-327 East 
Lawrence Avenue, Springfield, Ill. 62717, 1975. 


A Srupy GUIDE IN NucLEAR MEDICINE: A MODERN, 


Up-ro-DaTE PRESENTATION. Compiled and Edited 
by Fuad Ashkar, M.D., Assistant Professor of 
Radiology and Medicine, Division of Nuclear 
Medicine, University of Miami School of Medicine, 
Miami, Fla.; August Miale, Jr., M.D., Associate 
Professor of Radiology; Chief, Nuclear Medicine 
Service I, University of Miami School of Medicine, 
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Miami, Fla.; and William Smoak, M.D., Associate 
Professor of Radiology; Chief, Nuclear Medicine 
Service II, University of Miami School of Medi- 
cine, Miami, Fla. Cloth. Pp. 473, with some fig- 
ures. Price, $22.75, (Paper, $17.50). Charles C 
Thomas, Publisher, 301-327 East Lawrence Ave- 
nue, Springfield, Ill. 62717, 1975. 

Coronary ARTERIOGRAPHY. By Goffredo G. Gen- 
sini, M.D., Clinical Professor of Medicine, State 
University of New York Upstate Medical Center; 
Director, The Monsignor Toomey Cardiovascular 
Laboratory and Research Department, St. Jo- 
seph’s Hospital Health Center, Syracuse, N. Y. 
Cloth. Pp. 488, with many figures. Price, $48.00. 
Futura Publishing Company, 295 Main Street, 
Mount Kisco, N. Y. 10549, 1975. 


TEXTBOOK OF ANATOMY AND PuysIoLocy In RADI- 
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oLocic TEcHNOoLoGy. Second edition. By Charles 
A. Jacobi, B.Sc. FNCRT (A.R.C.R.T.), R.T. 
(A.R.R.T.), M.T. (A.S.C.P.), Professor and Chair- 
man, Department of Radiologic Technology, Uni- 
versity of Nevada, Las Vegas, Nev.; member, 
Radiological Safety Board, University of Nevada 
System; member, Preprofessional Advisement 
Committee, University of Nevada, Las Vegas; 
member, Education Qualifications and Standards 
Committee, A.R.C.R.T.; previously Assistant, 
Department of Medical-Dental Associates; and 
member of Radioisotopes Committee, Oregon 
Technical Institute, Klamath Falls, Oregon. 
Cloth. Pp. 437, with 361 illustrations. Price, 
$14.00. C. V. Mosby Company, 3301 Washington 
Boulevard, St. Louis, Mo. 63103, 1975. 
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MEETINGS OF RADIOLOGICAL SOCIETIES* 


UNITED STATES OF AMERICA 


AMERICAN RoENTGEN Ray Society 
Secretary, Dr. James Franklin Martin, 300 S. Haw- 
thorne Rd., Winston-Salem, N. C. 27103. Annual Meet- 
ing: Marriott Hotel, Atlanta, Ga., Sept. 30-Oct. 3, 1975. 

AMERICAN RADIUM SOCIETY 
Secretary, Richard H. Jesse, Dept. of Surgery, M. D. 
Anderson Hosp. and Tumor Institute, Houston, Tex. 
77025. Annual Meeting: Bayshore Inn, Vancouver, B. C., 
Canada, May 9-14, 1976. 

RADIOLOGICAL SOCIETYOF NORTH AMERICA 
Secretary, Dr. Theodore A. Tristan, Harrisburg, Pennsyl- 
vania. Annual Meeting: McCormick Place on the Lake, 
Chicago, Ill., Nov. 30-Dec. 5, 1975. 

AMERICAN COLLEGE OF RADIOLOGY 
Executive Director, William C. Stronach, 20 N. Wacker 
Drive, Chicago, Ill. 60606. Annual meeting. 

SecTion on RADIOLOGY, AMERICAN MEDICAL ASSOCIATION 
Secretary, Dr. Antolin Raventos, Davis, Calif. Annual 
Meeting. 

AMERICAN Board oF RADIOLOGY 
Secretary, Dr. C. Allen Good. Correspondence should be 
directed to Kahler East, Rochester, Minn. 55901. 
Oral examinations will be held: Statler Hilton, Dallas, 
Texas, Dec. 8-13, 1975; Marriott Motor Hotel, Chicago, 
Ill., June 14-19, 1976; Sheraton Biltmore, Atlanta, Ga., 
Dec. 6-11, 1976. 

Applications must be received in the Board Office 
before Sept. 30 of the year preceding the one in which the 
candidate wishes to be examined. 

Deadline for filing applications for any examination in 
1976 is September 30, 1975. 

AMERICAN Boarp oF Nucrear Meopicine, Inc. A Conjoint 
Board of the American Boards of Internal Medicine, 
Pathology and Radiology and sponsored by the Society 
of Nuclear Medicine. 

Application forms and further information are avail- 
able from the American Board of Nuclear Medicine, 
305 E. 45th St., New York, N. Y. 10017. 

AMERICAN ASSOCIATION OF PHYSICISTS IN MEDICINE 
Secretary, Dr. Robert G. Waggener, Dept. Radiol., Univ. 
Tex. Health Sciences Center, San Antonio, Tex. 78284 
Annual Meeting: 

AMERICAN SOCIETY OF THERAPEUTIC RADIOLOGISTS 
Secretary, Dr. Robert, W. Edland, 1836 South Ave., La 
Crosse, Wis., 54601. Annual Meeting: Hyatt Regency 
Hotel in the Embarcadero Center, San Francisco, 
Calif., Oct. 8-12, 1975. 

AMERICAN NUCLEAR SOCIETY 
Program Chairman, Werner K. Kern, IRD, Space 
Nuclear Systems, F 309, U. S. Atomic Energy Commis- 
sion, Washington, D.C. 20545. 

AMERICAN INSTITUTE OF ULTRASOUND IN MEDICINE 
Secretary, John M, Reid, Ph.D., 556 18th Ave., Seattle, 
Wash. 98122. Annual Meeting. 

AMERICAN SOCIETY OF NEURORADIOLOGY 
Secretary, Dr. David O. Davis, Department of Radiology, 
go! Twenty-third St., N.W., Washington, D. C. 20037. 
Annual Meeting. 

FOURTEENTH INTERNATIONAL ConGRESS OF RADIOLOGY 
Rio de Janeiro, Brazil, Oct. 23-29, 1977. 

President Elect: Prof. Dr. Nicola C. Caminha; General 
Secretary: Dr. Durval Couto. Av. Churchill, 97-50 and- 
LC-39 20,000 Rio de Janeiro, Brazil. 


INTERNATIONAL SOCIETY OF RADIOLOGY i 
Hon. Secretary-Treasurer, Prof. W. A. Fuchs, M.D., De- 
partment of Diagnostic Radiology, University Hospital, 
Inselspital, CH-3010 Bern, Switzerland. 

TWELFTH INTER-AMERICAN ConcreEss OF RADIOLOGY 
President, Dr. Publio Vargas Pazzos, Casilla 5227, 
Guayaquil, Ecuador. Meeting in Quito, Ecuador, 1979. 

INTER-AMERICAN COLLEGE OF RADIOLOGY 
President, Manuel Viamonte, Jr., M.D., Mt. Sinai Medi- 
cal Center, 4300 Alton Rd., Miami Beach, Fla. 33140. 
Secretary, Gaston Morillo, M.D., Jackson Memorial 
Hosp., 1700 N.W. roth Ave., Miami, Fla. 33152. 
Counselor for the United States, J. A. del Regato, M.D., 
Univ. of So. Fla. College of Medicine, 13000 No. 30th St., 
Tampa, Fla. 33612. 

THIRD CONGRESS OF THE EUROPEAN ASSOCIATION OF 
RADIOLOGY 
Secretary-General, P.O. Box 14, 79 Lauriston Place, Edin- 
burgh BHI IDB, Scotland. 

SECOND ASIAN AND OCEANIAN ConGRESS OF RADIOLOGY 
Secretary, Dr. Buenaventura U. V. Angtuaco, Congress 
Secretariat Headquarters, 2161 Taft Ave., Manila, Philip- 
pines. Meeting: Manila, Philippines, Nov. 10-14, 1975. 

ALABAMA CHAPTER OF ACR 
Secretary-Treasurer, Dr. Lawrence E. Fetterman, 1720 
Springhill Ave., Suite 201, Mobile, Ala. 36604. Meets 
time and place of Alabama State Medical Association. 

Atasxa RapioLocicaL Society, CHAPTER ACR 
Secretary-Treasurer, Dr. Maurice J. Coyle, 3200 Provi- 
dence Ave., Anchorage, Alaska 99504. 

AMERICAN OsTEOPATHIC COLLEGE OF RADIOLOGY 
Annual Scientific Meeting: Americana Hotel, Bar Harbor, 
Fla. Program Administrator: Lawrence J. Jordan, D.O., 
Suite 21, Ponce American Bldg., 4601 Ponce de Leon 
Blvd., Coral Gables, Fla. 33146. 

AMERICAN THERMOGRAPHIC SOCIETY 
Secretary-Treasurer, John Wallace, Ph.D., Dept. Radiol., 
Thomas Jefferson Univ. Hosp., Philadelphia, Pa. 19107. 
Annual Meeting. 

Arizona RapioLocicaL Society, CHAPTER OF ACR 
Secretary, Dr. Irwin M. Freundlich, 1501 N. Campbell 
Ave., Dept. Radiol., Tucson, 85724. Two regular meet- 
ings a year. Annual meeting at time and place of State 
Medical Association and interim meeting six months 
later. 

Ark-La-Tex RADIOLOGICAL SOCIETY 
Secretary, Dr. Erich K. Lang, Confederate Memorial 
Medical Center, LSU School of Medicine, Shreveport, 
La. 71101. 

ARKANSAS CHAPTER OF ACR 
Secretary-Treasurer, Dr. Richard Seibold, Jr., Wadley 
Hosp., Texarkana, Ark.—Tex. 75501. Meets twice annu- 
ally, the Spring Meeting being in conjunction with and 
at the place of the State Medical Association. 

ASSOCIATION OF University RADIOLOGISTS 
Secretary-Treasurer, Dr. Arch W. Templeton, Univ. of 
Kansas Med. Center, 39th and Rainbow Blvd., Kansas 
City, Kansas 66103. Annual Meeting. 

ATLANTA RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Marshall J. Cantanzaro, Dept. of 
Radiol., Northside Hosp., Atlanta, Ga. 30342. Meets on 
fourth Thursday evenings during the academic year at a 
time announced in early September of each year, at the 
Academy of Medicine, Atlanta, Ga., at 8:00 P.M. 


* Secretaries of societies are requested to send timely information promptly to the Editor. 
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BAVARIAN-AMERICAN RapioLocic Society 
Secretary, LTC. Marco J. DiBiase, M.D., Radiology 
Service, Heidelberg, 130 Station Hosp., APO N. Y. og102. 
Meets quarterly. 

Biock.ey RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. William H. Green, 616 East 24th 
St., Chester, Pa. 19013. 

BLueEGrAss RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Eugene Slusher, Lexington 
Clinic, 1221 S. Broadway, Lexington, Ky. 40504. The 
Society meets once each month during the school year. 

Bronx RapnioLoGicaL Sociery, New York State, Cuap- 
TER ACR 
Secretary-Treasurer, Dr. Leon J. Corbin, 1369 Rosendale 
Ave., Bronx, N. Y. 10472. Meets 4 times a year. 

Brooktyn RapioLocicat Society 
Secretary-Treasurer, Dr. Ralph Brancaccio, 7901 4th 
Ave., Brooklyn, N. Y. 11209. Meets first Thursday of 
each month, October through June. 

Burrato RapDIo.ocica SOCIETY 
Secretary, Dr. George J. Alker, Jr., E. J. Meyer Mem. 
Hosp., Buffalo, N. Y. 14215. Meets second Monday 
evening each month, October to May inclusive, at Uni- 
versity Club. 

CALIFORNIA RADIATION THERAPY ASSOCIATION 
Secretary-Treasurer, Dr. Duane J. Gillum, Stanford Medi- 
cal Center, Stanford, Calif. 94304. Meets semiannually in 
San Francisco and Los Angeles. 

CALIFORNIA RADIOLOGICAL Society, CALIFORNIA CHAPTER 
or ACR 
Secretary-Treasurer, Dr. John L. Gwinn, 4650 Sunset 
Blvd., Los Angeles, Calif. 90027. 

CaTawBa VALLEY RADIOLOGICAL SOCIETY 
Secretary, Dr. Walter Joe Jacumin, P.O. Box 265, 
Rutherford College, N. C. 28671. Meets the last Thurs- 
day of every month, Holiday Inn, Morganton, N. C. at 
7:30 P.M. 

Centra New York RaDIoLocicat Society 
Secretary-Treasurer, Dr. Alfred Brettner, Auburn Mem. 
Hosp., Auburn, N. Y. 13021. Meets first Monday each 
month October through May. 

CENTRAL On10 RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Daniel E. Lewis, 309 East State 
St., Columbus, Ohio 43215. Meets second Thursday in 
October, November, January, March, and May at Fort 
Hayes Hotel, Columbus, Ohio. 

Centra Texas RapioLocy Society 
Secretary-Treasurer Dr. E. Jerome Schoolar, Scott and 
White Clinic, Temple, Tex. 76501. Meets the fourth 
Monday of each month at Ponderosa Hotel, Temple, 
Tex. at 7:00 P.M. 

Cuicaco RapioLocicaL Society, DIVISION OF THE 
ILLiNors RanioLoGicaL Society, CHAPTER oF ACR 
Secretary-Treasurer, Dr. Harold J. Lasky, 5s E. Wash- 
ington St., Suite 1735, Chicago, Ill. 60602. Meets third 
Thursday of each month, October to April, except De- 
cember, at the Bismark Hotel, Chicago, Ill. 

CLEVELAND RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Charles M. Greenwald, 7007 
Powers Blvd., X-Ray Dept., Parma, Ohio 44129. Meet- 
ings at 7:00 P.M. on fourth Monday of October, Novem- 
ber, January, February, March and fifth Monday of April. 

Cotorapo Raproocicat Society, CHAPTER OF ACR 
Secretary, Dr. Fon Pettigrew, Denver, Colo. Meets 
third Friday of each month at Denver Athletic Club 
from September through May. 

Connecticut VaLLey RapioLocic Society 
Secretary, Dr. Gerald N. LaPierre, 759 Chestnut St., 
Springfield, Mass. 01107. Meets in April and October. 

Daras-Fort Wortn RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Robert R. Burns, 1400 Stem- 
mons Ave., Dallas, Tex. 75208. Meets the 3rd Monday 
of every month at 6:30 P.M., at the Airport Hotel, Arling- 
ton, Tex. 
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DELAWARE CHAPTER OF ACR 
Secretary, Dr. Ekkehard S. Schubert, Wilmington Med. 
Center, P. O. Box 1951, Wilmington, Del. 19899. 

East Bay Rapio.ocica. Society 
Secretary-Treasurer, Dr. Robert L. Stein, 43 Dormidera 
Ave., Piedmont, Calif. 94611. Meets first Thursday each 
mone Oct. through May, at University Club, Oakland, 
Calif. 

East TENNESSEE RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. George H. Wood, 205 Medical 
Arts Bldg., Knoxville, Tenn. 37902. Meets in January 
and September. 

FLoripa RapioLocicaL Society, CHAPTER oF ACR 
Secretary. Dr. Paul J. Popovich, 1350 S. Hickory St., 
Melbourne, Fla. 32901. Meets twice annually, in the 
A bg with the Annual State Society Meeting and in 
the fall. 

FLoripa West Coast Rapro.ocicat Society 
Secretary-Treasurer, Dr. Herbert Johnson, Davis Blvd., 
Tampa, Fla. 33606. Meets on 4th Thursday of the 
months January, March, May, October, and November. 

Georcia RADIOLOGICAL Society, CHAPTER oF ACR 
Secretary, Dr. E. P. Rasmussen, Piedmont Prof. Bldg., 35 
Collier Rd., N.W., Atlanta, Ga. 30309. 

GREATER CINCINNATI RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Owen L. Brown, 2421 Auburn 
Ave., Cincinnati, Ohio 45219. 

GREATER Kansas City RabIoLocicaL Society 
President-Secretary, Dr. Jay 1. Rozen, Suite 216, 6400 
Prospect, Kansas City, Mo. 64132. Meets 5 times a year. 

GREATER LouisvILLE RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. L. D. LeNeave, 315 E. Broad- 
way, Louisville, Ky. 40202. Meets monthly. 

GREATER Miami RADIOLOGICAL SOCIETY 
Secretary, Dr. David C. Hillman, P. O. Box 610544, North 
Miami, Fla. 33161. Meets monthly, third Wednesday at 
8:00 P.M. at various member hospitals, Miami, Fla, 

GREATER Sr. Louis Society or RADIOLOGISTS 
Secretary-Treasurer, Dr. Donald Callahan, Northland 
Med. Bldg., Jennings, Mo. 63136. 

Hawai Raprotocica Sociery, CHAPTER or ACR 
Secretary-Treasurer, Dr. Sidney B. W. Wong, Straub 
Clinic and Hosp., Honolulu, Hawaii 96813. Meets third 
Monday of each month at 7:30 P.M. 

HEALTH Puysics Society 
Secretary, Russell F. Cowing, P.O. Box 156, E. Wey- 
mouth, Mass. 02189. Annual Meeting. 

Houston RADIOLOGICAL SOCIETY 
Secretary, Dr. Neill B. Longley, 6436 Fannin, Suite 601, 
Houston, Tex. 77025. Meets fourth Monday of each 
month, except June, July, August and December, at 6:00 
P.M., at 103 Jesse H. Jones Library Building, Texas 
Medical Center, Houston, Tex. 77025. 

Inaano State Rapiotoaicar Society, CHAPTER oF ACR 
Secretary-Treasurer, Dr. John H. Truksa, 1605 Park Ave., 
Nampa, Id. 83651. Meets in the spring and fall. 

ILuinors RaproLocicat Society, Inc., CHAPTER OF ACR 
Secretary, Dr. Robert D. Dooley, Hinsdale Med. Cen- 
ter, Hinsdale, Ill. 60521. Meets in the spring and fall. 

InpIANA RoentGEN Society, Inc., CHAPTER oF ACR 
Secretary, Dr. John A. Knote, Home Hosp., Lafayette, 
Ind. 47902. 

Iowa Raproocicar Society, CHAPTER or ACR 
Secretary-Treasurer, Dr. Dale L. Roberson, 1948 First 
Ave., NE, Cedar Rapids, Iowa 52402. Luncheon and 
business meeting during annual session of Iowa State 
Medical Society. The scientific session is held in the 
autumn. 

Kansas RapioLocicaL Society, CHAPTER oF ACR 
Secretary-Treasurer, Dr. Ralph H. Baehr, 310 Medical 
Arts Bldg., Topeka, Kan. 66604. Meets in spring with 
State Medical Society and in winter on call. 

Kentucky CHaprer or ACR 
Secretary-Treasurer, Dr. Bernard Sams, St. Joseph In- 
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firmary, 735 Eastern Parkway, Louisvlle, Ky. 40217. 
Meets in April and September. 
Kincs County RapioLocicat Sociery 
Secretary, Dr. Sidney Hendler, 1880 Ocean Ave., Brook- 
lyn 30, N. Y. Meets Kings County Med. Soc. Bldg. 
monthly on fourth Thursday, October to May, 8:45 P.M. 
KNOXVILLE RADIOLOGICAL SOCIETY 
Secretary, Dr. Clifford L. Walton, Blount Professional 
Bldg., Knoxville 20, Tenn. Meetings are held the third 
Monday of every other month at the University of 
Tennessee Memorial Research Center and Hospital. 
Lone Istanp RapioLocicaL Sociery 
Secretary, Dr. Harry L. Stein, North Shore Univ. Hosp., 
300 Community Dr., Manhasset, N. Y. 11030. 
Los AnGELEs RADIOLOGICAL SOCIETY 
Secretary, Dr. Arthur F. Schanche, 333 North Prairie 
Ave., Inglewood, Calif. gozo1. Meets second Wednesday 
of month in September, November, January, April and 
June at Los Angeles County Medical Association Build- 
ing, Los Angeles, Calif. Midwinter Radiological Con- 
ference. Century Plaza Hotel, Los Angeles, Calif. 


Louisiana RapioLocicaL Society, CHaprer or ACR 
Secretary-Treasurer, Dr. Roger H. Tutton, 1514 Jeffer- 
son Hwy., New Orleans, La. 70121. 

Louistana-Texas Gur Coasr RapiovocicaL Society 
Secretary-Treasurer, Dr. J. Gardiner Bourque, 3155 Stagg 
Dr., Suite 230, Doctors Bldg., Beaumont, Texas 77701, 

Marne Rapiotoaicat Sociery, CHaprer or ACR 
Secretary-Treasurer, Dr. Peter E. Giustra, Dept. Radi- 
ology, Penobscot Bay Medical Center, Rockland, Maine 
04841. Meets in June, September, December and April. 

Maryland Rapio.ocicat Sociery, CHAprer oF ACR 
Secretary, Dr. David S. O’Brien, Anne Arundel Hosp., 
Annapolis, Md. 21401. 

Massacuusetts Rapio.ocicar Society, CHAPTER or ACR 
Secretary, Di. Joseph T. Ferrucci, Jr., Massachusetts 
Gen. Hosp., Boston, Mass. 02114. 

MEMPHIS ROENTGEN SOCIETY 
Secretary-Treasurer, Dr. Thomas P. Coburn, The Uni- 
versity of Tennessee College of Medicine, Department of 
Radiology, Walter C. Chandler Bldg., 865 Jefferson Ave., 
Memph s, Tenn. 78163. Me:ts first Monday Oct. through 
May at the University Club. 

Mrami VALtey RapioLocicaL Society 
Secretary, Dr. Bert Must, I.B.M. Bldg., Dayton, Ohio. 
Meets third Thursday of fall, winter and spring months 
at 7:30 P.M. at Miami Valley Hospital, Dayton, Ohio. 

Micuican RapioLocicaL Sociery, CHAPTER or ACR 
Secretary-Treasurer, Dr. Francis P. Shea, Harper Hos- 
pital, 382s Brush St., Detroit, Mich. 48201. Meets 
monthly, first Thursday, October through May, at 
David Whitney House, 1010 Antietam, at 6:30 P.M. 

Micwican Society or THERAPEUTIC RADIOLOGISTS 
Secretary-Treasurer, Dr. Delmar Mahrt, William Beau- 
mont Hosp., Detroit, Mich. 48072. Meets bi-monthly 
during the academic year. 


Mip-Hupson Rapio.oaicat Society 
Secretary-Treasurer, Dr. William D. Stiehm, 37 Flower 
Hill Rd., Poughkeepsie, N. Y. 12603. Meets 7:00 P.M., 
first Wednesday of each month, September to May. 


Mitwavukee Roentcen Ray Society 
Secretary-Treasurer, Dr. Thomas C. Lipscomb, 1004 
North Tenth St., Milwaukee, Wis. £3233. Meets monthly 
on aren Monday, October through May, at University 
ub. 


Minnesora RapioLocicaL Sociery, CHAPTER oF ACR 
Secretary-Treasurer, Dr. Marvin E. Goldberg, Box 292, 
Mayo Memorial Health Sciences Center, Minneapolis, 
Minn. 55455. 

eee State RaproLocicat Society, CHAPTER OF 
A 
Secretary-Treasurer, Dr. Edward L. Gieger, 969 Lake- 
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land Dr., Jackson, Miss. 39216. Meets third Thursday, 
excluding summer months, at the Primos Northgate 
Rest., Jackson at 6:30 P.M. 

Missouri Raprotocicat Sociery, CHAPTER oF ACR 
Secretary-Treasurer, Dr. Ronald G. Evens, Mallinckrodt 
Institute of Radiology, 510 S. Kingshighway, St. Louis, 
Mo. 63110. 

Montana Rapiotoaicat Sociery, CHAPTER or ACR 
Secretary, Dr. C. H. Agnew, Room 102, Doctors Bldg., 
Billings, Mont. sgtor. 

NEBRASKA CHAPTER OF ACR 
Secretary-Treasurer, Dr. Robert Bodmer, Suite 622 Doc- 
tors Bdg., Omaha, Neb. 68131. Meets the third Wednes- 
day of the month, Oct. through March, at the Clarkson 
Hosp., Omaha, Neb. and the fourth Friday of April at 
the Lincoln Country Club, Lincoln, Neb. 

Nevapa Rapto.ocicaL Society, CHAPTER oF ACR 
Secretary, Dr. Charles F. Veverka, Carson Tahoe Hosp., 
Carson City, Nev. 89701. 

N.E. Soctery ror RADIATION OncoLocy 
Secretary, Dr. C. C. Wang, Mass. Gen. Hosp., Boston, 
Mass. 02114. 

New EncLrann Roentcen Ray Society 
Secretary, Dr. Melvin E. Clouse, 18; Pilgrim Rd., 
Boston, Mass. 02115. Meets the third Friday of Oct. and 
Nov., and third Thurs. of each month. Jan. through May, 
excluding December, at The Longwood Towers, 20 
Chapel Street, Brookline, Mass. at 3:00 p.m. Annual 
Meeting: May 20, 1976. 

New Hampsuire Roentcen Ray Society, CHAPTER OF 
ACR 
Secretary-Treasurer, Dr. Edward P. Kane, Claremont 
Gen. Hosp., Claremont, N. H. 03743. Meets four to six 
times yearly. 

New Mexico Society oF Rapioocists, CHAPTER OF ACR 
Secretary, Dr. W. M. Jordan, 1100 Central Ave. S.E., 
Albuquerque, N. M. 87106. Four meetings annually, 
three held in Albuquerque, N. M., and one held at time 
and place of New Mexico State Medical Society annual 
meeting. 

New Or.eans Rapiotocicat Society, Inc. 
Secretary-Treasurer, Dr. Jimmy L. Mains, P.O. Box 446, 
Gretna, La. 70053. Meets bimonthly at local restaurants 
selected by the President. Spring Conference. 

New York RoeEntTGEN SOCIETY 
Secretary-Treasurer, Dr. Thomas C. Beneventano, III 
East 210th St., Bronx, N. Y. 10467. Meets monthly on 
the 3rd Monday at the New York Academy of Medicine 
at 4:30 P.M. Annual Spring Conference, Waldorf-Astoria 
Hotel, New York, N. Y., April 22-24, 1976. A.M.A. Cat. 
I credit. Further information may be obtained from Dr. 
Albert A. Dunn, Roosevelt Hosp., New York, N. Y. 
IOOIQ. 

New York Strate CHAPTER or ACR 
Secretary-Treasurer, Dr. Albert F. Keegan, 6 Secor Dr., 
Port Wash., N. Y. 11050. 


NORTH AMERICAN SOCIETY OF CARDIAC RADIOLOGY i 
Secretary-Treasurer, Dr. Erik Carlson, Univ. Calif., 
San Francisco, Calif. 94143. 


NortH CaroLINA CHAPTER OF ACR 
Secretary-Treasurer, Dr. Ernest B. Spangler, Wesley Long 
Hosp., Greensboro, N. C. 27402. Meets twice a year. The 
Spring Meeting is held at the time of the meeting of the 
North Carolina Medical Society. The Fall Meeting is held 
in avoni at the Mid Pines Club, Southern Pines, 

NortH Dakota RapioLocicaL Sociery, CHAPTER oF ACR 
Secretary, Dr. Marshall Landa, P. O. Box 6001, Fargo, 
N. D. 58102. Meets at time of State Medical Association 
meeting. Other meetings arranged on call of the President. 


NortH FLoripa RADIOLOGICAL SOCIETY 
Secretary, Dr. David F. Bew, University Hospital of 
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Jacksonville, 655 W. Eighth Street, P.O. Box 2751, 
Jacksonville, Fla. 32203. Meets quarterly in March, 
June, September and December. 

NORTHEASTERN OKLAHOMA RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Theodore J. Brickner, Jr., 5919 
S. Gary Place, Tulsa, Okla. 74110. 

NORTHEASTERN NEw York RADIOLOGICAL SOCIETY 
Secretary, Dz. Donald R. Morton, Dept. of Radiology, 
St. Clare’s Hosp., Schenectady, N. Y. 12304. Meets in 
Albany area on third Wednesday of October, November, 
March, April, and May. 

NORTHERN CALIFORNIA RADIATION THERAPY ASSOCIATION 
Secretary-Treasurer, Dr. John D. Earle, Stanford Medical 
Center, Stanford, Calif. 94304. Meets quarterly. 

NORTHERN CALIFORNIA RADIOLOGICAL SOCIETY 
Secretary, Dr. Patrick J. Grinsell, 1207 Fairchild Ct., 
Woodland, Calif. 95695. Meets on the fourth Monday, 
rate through May at the Mansion Inn, Sacramento, 

alif. 

NORTHWESTERN New York RADIOLOGICAL SOCIETY 
Secretary, Dr. Barbara E. Chick, Glens Falls Hospital, 
Glens Falls, N. Y. 12801. 

NORTHWESTERN On10 RADIOLOGICAL SOCIETY 
Secretary, Dr. Richard W. Siders, 421 Michigan, Toledo, 
ene 43624. Meets 3rd Wednesday from September to 

ay. 

Onto State Rapio.ocicar Socrety, CHAPTER oF ACR 
Secretary, Dr. James Farmer, Cleveland, Ohio. 

er ae STATE Rapro.ocicaL Sociery, CHAPTER OF 
A 
Secretary, Dr. George H. Ladd, 4616 Denison, Muskogee, 
Okla. 74401. Meets in January, May and October. 

OranGE County RADIOLOGICAL SOCIETY 
Secretary, Dr. William E. Danko, 2601 E. Chapman, 
Orange, Calif. 92667. Meets on fourth Tuesday of the 
month, excluding June, July, August, and December, at 
rohit a County Medical Association Bldg., Orange, 

alif. 

Orecon State RapnioLoGicaL Sociery, CHAPTER oF ACR 
Secretary-Treasurer, Dr. Ray F. Friedman, 3324 S. W. 
44th St., Portland, Ore. 97221. Meets on second Wednes- 
day of month, October through April, at the University 
Club, Portland, Ore. 

Orteans ParisH RapDIOLocicaL SOCIETY 
Secretary, Dr. Joseph V. Schlosser, Charity Hospital, 
New Orleans, La. 70113. Meets second Tuesday of each 
month. 

Paciric NortHWEst RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Kenneth D. Moores, 1118 gth 
Ave., Seattle, Wash. 98101. Annual Meeting: Benson 
Hotel, Portland, Ore., May 7-9, 1976. 

PENNSYLVANIA RapDIOLoGIcaL Society, CHAPTER oF ACR 
Secretary, Dr. Joseph A. Marasco, Jr., St. Francis General 
Hosp., Pittsburgh, Pa. 19141. 

PHILADELPHIA ROENTGEN Ray Society 
Secretary, Dr. Marvin E. Haskin, 230 N. Broad St., 
Philadelphia, Pa. 19102. Meets first Thursday of each 
month at § P.M., from October to May in Thompson Hall, 
College of Physicians. 

PirrsBuRGH ROENTGEN SOCIETY 
Secretary, Dr. Klaus M. Bron, Presbyterian-Univ. Hosp., 
Pittsburgh 15213. Meets second Wednesday of month, 
September through May, at the Pittsburgh Athletic As- 
sociation. 

RADIATION RESEARCH SOCIETY 
Executive Secretary, Richard J. Burk, Jr., 4211 39th St., 
N.W., Washington, D. C. 20016. Annual Meeting. 

Rapiotocicat Society oF Connecticut, Inc., CHAPTER 
or ACR 
Secretary, Dr. Gerald L. Baker, 85 Jefferson St., Hartford, 
Conn. 06106. Meets in Oct., Jan., March, and June. 

RADIOLOGICAL SOCIETY OF GREATER CINCINNATI 
Secretary-Treasurer, Dr. Alvin Nathan, c/o Academy of 
Medicine, 320 Broadway, Cincinnati, Ohio 45202. Meets 
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first Monday of each month at Cincinnati Academy of 
Medicine. 

RADIOLOGICAL Society oF NEw Jersey, CHAPTER OF ACR 
Secretary, Dr. Fred M. Palace, 11 Dale Dr., Morristown, 
N.J. 07960. Monthly meetings in East Orange and 
Trenton, N.J. Semi-Annual Meeting in Nov. 

RADIOLOGICAL SOCIETY OF RHODE IsLaAND, CHAPTER OF ACR 
Secretary-Treasurer, Dr. Daniel J. Alves, Rhode Island 
Hosp., Providence, R. I. 02902. 

RADIOLOGICAL SOCIETY OF SOUTHERN CALIFORNIA 
Secretary-Treasurer, Dr. A, Franklin Turner, LAC-USC 
Medical Center, Room 3418, 1200 North State St., Los 
Angeles, Calif. 90033. Meets three times a year, usually 
October, February and May. 

RADIOLOGICAL SOCIETY OF THE STATE OF NEw York 
Secretary-Treasurer, Dr. John W. Colgan, 273 Hollywood 
Ave., Rochester, N. Y. 14618. 

Repwoop Empire RADIOLOGICAL SOCIETY 
Secretary, Dr. Charles E. Carter, 121 Sotoyome St., 
Santa Rosa, Calif. 95.05. Meets second Monday every 
other month. 

RicHMonpD County RADIOLOGICAL SOCIETY 
Secretary, Dr. Frederick S. Vines, 11830 Rothbury Dr., 
Richmond, Va. 23235. Meets third Thursday of each 
month at the Aberdeen Barn. 

RocuesterR Roentcen Ray Society, Rocuester, N. Y. 
Secretary-Treasurer, Dr. Robert J. Bruneau, Rochester 
General Hosp., Rochester, N. Y. 14621. Quarterly meet- 
ings on the call of the President, at the Rochester 
Academy of Medicine. 

Rocky Mountain RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Lorenz R. Wurtzebach, 4200 E. 
Ninth Ave., Denver, Colo. 80220. Annual Meeting: 

San Antonio-Civitian Mitirary RADIOLOGICAL Society 
Secretary, Dr. James R. Stewart, Oak Hills Medical Ctr., 
San Antonio, Tex. 78209. Meets third Wednesday of 
each month at Fort Sam Houston Officers Club at 
6:30 P.M. 

San Dieco RADIOLOGICAL SOCIETY 
President, Dr. Donald J. Fleischli, 7849 Fay Ave., La 
Jolla, Calif. 92037. Meets the first Wednesday of each 
month Sept. through June at the University Club. 

San Francisco RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Robert L. Koch, 3838 Cali- 
fornia St., Suite 106, San Francisco, Calif. 94118. 

SEcTION ON RADIOLOGY, CALIFORNIA MEDICAL ASSOCIATION 
Secretary, Dr. William H. Graham, 630 East Santa Clara 
St., San Jose, Calif. 

Section on Raprotocy, Mepicat Society oF THE Dis- 
TRICT OF COLUMBIA 
Secretary-Treasurer, Dr. Albert M. Zelna, 21 Masters St., 
Potomac, Md. 20854. Meets at Medical Society Library, 
third Wednesday of January, March, May and October 
at 8:00 P.M. 

SECTION OF RaproLtocy, NATIONAL MEDICAL ASSOCIATION 
Secretary, Dr. Ruby Brooks, Dept. Radiol., Veterans 
Adm. Hosp., P.O. Box 511, Tuskogee, Ala. 36083. Annual 
Meeting. 

Section on RADIOLOGY, SOUTHERN MEDICAL ASSOCIATION 
Secretary, Dr. Mario A. Calonje, 1514 Jefferson Highway, 
New Orleans, La. 70121. Annual Meeting. 

SECTION ON RapioLocy, Texas MEDICAL ASSOCIATION 
Secretary, Dr. George F. Crawford, St. Elizabeth Hospi- 
tal, Beaumont, Tex. Meets annually with the Texas 
Medical Association. 

SHREVEPORT RADIOLOGICAL CLUB 
Secretary, Dr. W. R. Harwell, 608 Travis St., Shreveport, 
La. Meets monthly on third Wednesday at 7:30 P.M., 
September to May inclusive. 

Society For PEDIATRIC RADIOLOGY 
Secretary-Treasurer, Dr. John P. Dorst, 601 N. Broad- 
way, Baltimore, Md. 21205. Annual meeting: Marriott 
Hotel, Atlanta, Ga., Sept. 28-29, 1975. 
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Society oF GAsTRO-INTESTINAL RADIOLOGISTS 
Secretary-Treasurer, Dr. John R. Amberg, University 
Hospital, 225 W. Dickinson St., San Diego, Calif. 92103. 

Society oF Nuctear MEDICINE 
Secretary, Dr. E. James Potchen, Edward Mallinckrodt 
Institute of Radiology, 660 S. Euclid Ave., St. Louis, 
Mo. 63110. Administrative Officer, Mrs. Margaret Glos, 
211 E.43rd St., New York, N. Y. 10017. Annual Meeting. 

SouTH Bay RADIOLOGICAL SOCIETY 
Secretary, Dr. Robert Mindalzun, Valley Radiologists, 
Inc., 100 O’Connor Dr., San Jose, Calif. 95128. Meets 
the 2nd Monday of each month at the Santa Clara 
County Medical Society Bldg., 700 Empey Way, San 
Jose, Calif. 

SoutH Carouina Rapiococica Society, CHAPTER oF ACR 
Secretary, Dr. George W. Brunson, 1406 Gregg St 
Columbia, S. C. Annual meeting (primarily business) 
in conjunction with the South Carolina Medical Associa- 
tion meeting in May. Annual fall scientific meeting at 
time and place designated by the president. 

Sourn Coast Rapro.ocicat Society CHaprer or ACR 
Secretary-Treasurer, Dr. Richard T. Love, Santa Bar- 
bara Med. Clin., 215 Pesetas Lane, Santa Barbara, 
Calif. 93110. Meets fourth Tuesday of alternate months, 
Sept., Nov., Jan., March and May. 

SoutH Dakota Rapto.ocicat Society, CHAPTER oF ACR 
Secretary, Dr. M. F. Petereit, 2416 S. Phillips, Sioux 
Falls, S. D. 57105. Meets in spring with State Medical 
Society and in fall. 

SOUTHERN CALIFORNIA RADIATION THERAPY ASSOCIATION 
Secretary-Treasurer, Dr. Duane J.Gillum, 250 W. Pueblo 
St., Santa Barbara, Calif. 93105. Meets quarterly. 

SOUTHERN RADIOLOGICAL CONFERENCE 
Secretary-Treasurer, Dr. J. W. Maxwell, P.O. Box 2144 
Mobile Ala. 36601. Annual Meeting: Grand Hotel, Point 
Clear, Ala., Jan. 30-Feb. 1, 1976. 

TENNESSEE RapioLocicaL Society, CHAPTER or ACR 
Secretary-Treasurer, Dr. Jerry W. Grise, Methodist 
Hosp., 1265 Union Ave., Memphis, Tenn. 38104. Meets 
annually at the time and place of the Tennessee State 
Medical Association meeting. 

Texas State Rapiotocicat Society, CHAPTER or ACR 
Secretary, Dr. Francis E. O’Neill, 1128 Nix Prof. Bdg., 
San Antonio, Tex. 78205. 

THE FLEISCHNER SOCIETY 
Secretary, Dr. E. Robert Heitzman, State University of 
New York Upstate Medical Center, Syracuse, N. Y. 
13210. Annual Meeting: 

Tri-StaTE RapIoLocicat Society 
Secretary, Dr. Thomas Harmon, St. Mary's Hosp., Evans- 
ville, Ind. 47750. Meets bimonthly on the third Wednes- 
day at area Hospitals. 

Upper Peninsuta RADIOLOGICAL Society 
nec bas Dr. A. Gonty, Menominee, Mich. Meets quar- 
terly. 

Uran Stare RapioLocicaL Society, CHAPTER or ACR 
Secretary-Treasurer, Dr. Patrick D. Lester, Dept. Radiol., 
University of Utah Medical Center, Salt Lake City, 
Utah 84112. Meets quarterly at Holy Cross Hospital. 

Vermont Rapioocicat Society, CHAPTER oF ACR 
Secretary, Dr. J. Lorimer Holm, R.R. #3, Barre, Vt. 05641. 

Vircinia CHAPTER or ACR 
Secretary-Treasurer, Dr. Charles P. Winkler, 3500 Ken- 
sington Ave., Suite 2-A, Richmond, Va. 23221. 

Wasuincton, D. C., CHAPTER or ACR 
Secretary-Treasurer, Dr. Robert M. Allen, 9312 Convento 
Terr., Fairfax, Va. 22030. 

WASHINGTON Srare RADIOLOGICAL Sociery, CHAPTER OF 


Secretary-Treasurer, Dr. Donald J. Hesch, 3216 N.E. 
45th Place, Seattle, Wash. 98105. 

West Vircinta Rapro.ocicat Society, CHAPTER oF ACR 
Secretary-Treasurer, Dr. Andrew W. Goodwin, II, 200 
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Med. Arts Bldg., Charleston, W. Va. 25301. Meets con- 
currently with annual meeting of West Virginia State 
Medical Society, other meetings arranged by program 
committee. 

WESTCHESTER County RADIOLOGICAL SOCIETY 
Secretary, Dr. Leonard Cutler, 16 Guion Place, New 
Rochelle, N. Y. 10802. Meets on second Tuesday of 
October, December, February and May. 

Wisconsin Rapiotocicat Society, CHAPTER oF ACR 
Secretary-Treasurer, Dr. June Unger, Wood VA Hosp., 
Wood, Wis. 53193. Meets twice a year, May and Sep- 
tember. 

Wisconsin Society OF THERAPEUTIC RADIOLOGISTS 
Secretary, Dr. Alvin Greenberg, Radiother. Ctr., Univ. 
Hospitals, Madison, Wis. 53706. Meets quarterly. 

Wyominc Rapiotocicat Society, CHAPTER or ACR 
Secretary, Dr. Ross J. Collie, Box 96, Lander, Wyo. 82520. 
Meets in fall with State Medical Society and in spring 
on call of President. 


Mexico, Puerto Rico AND CENTRAL AMERICA 


ASOCIACIÓN COSTARRICENSE DE RADIOLOGÍA 
Secretary, Dr. Rafael Umaña-Umaña, Apartado 8-5340, 
San José, Costa Rica. 

AsociacON DE RADIÓLOGOS DE CENTRO AMERICA Y 
PanaMA, Comprising: Guatemala, El Salvador, Hon- 
duras, Nicaragua, Costa Rica and Panama 
Secretary-General, Dr. Francisco Miranbell Solis, Apar- 
tado 3352, San José, Costa Rica, Central America. Meets 
annually in a rotating manner in the six countries. 

ASOCIACIÓN PUERTORRIQUEÑA DE RADIOLOGÍA 
Secretary, Dr. R. B. Díaz Bonnet, Suite 504, Professional 
Bldg., Santurce, Puerto Rico. 

SOCIEDAD DE RADIOLOGÍA DE SALVADOR 
Secretary, Dr. Carlos Meijia, 5a Av. Nte. No. 434, San 
Salvador, Rep. El Salvador. 

SocIEDAD DE RADIOLOGÍA DE GUATEMALA 
Secretary, Dr. Carlos E. Escobar, g?, Calle A o-05, Zona 1, 
Guatemala 

SocieDAD Mexicana DE RapioLocía, A.C. 

Coahuila No. 35, México 7, D.F., México. 
Secretary-General, Dr. Jorge Cano Coqui. Meets first 
Monday of each month. 

SocrepaD RapioLécica PANAMEÑA 
Secretary, Dr. L. Arrieta Sanchez, Apartado No. 6323, 
Panama, R. de P. Meets monthly in a department of 
radiology of a local hospital chosen at preceding meeting. 

SocieDAD Rapio.ocica DE Puerto Rico 
Secretary, Dr. Heriberto Pagan Sáez, Box 9387, Santurce, 
Puerto Rico. Meets second Thursday of each month at 
8:00 P.M. at the Puerto Rico Medical Association Bldg. 
in San Juan. 


BRITISH COMMONWEALTH OF NATIONS 


ASSOCIATION OF RADIOLOGISTS OF THE PROVINCE OF 
QUEBEC 
121 Boul. Taschereau, Greenfield Park, P. Q., Canada. 
Meets four times a year. 

BritisH Instirure oF RADIOLOGY 
Honorary Secretaries, D. H. Traspnell, M. Cohen, 32 
Welbeck St., London, W1M/7PG, England. 

CanapIAn Association oF Puysicists, Division or MeD- 
ICAL AND BIoLocIcat Puysics 
Honorary Secretary-Treasurer, Dr. R. G. Baker, Ontario 
Cancer Foundation, Ottawa Civic Clinic, 1053 Carling 
Ave., Ottawa 3, Ont., Canada. 

CANADIAN ASSOCIATION OF RADIOLOGISTS 
Honorary Secretary, Dr. Ross O. Hill, Suite 806, 1440 St. 
Catherine St. West, Montreal 107, Que., Canada. 
Annual Meeting: 

EpMontON AND District RADIOLOGICAL SocIETY 
Secretary, Dr. L. A. Koller, Suite 360, Professional Bldg., 
10830 Jasper Ave., Edmonton 15, Alberta, Canada. 
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Meets third Thursday of each month October to May, 
except December, at various Edmonton Hospitals. 

Facu.ty oF RADIOLOGISTS 
Honorary Secretary, P. D. Thomson, 28 Portland PL1., 
London, WIN 4DE. 

Monrtrea Rapio.ocicaL Srupy CLUB 
Secretary, Dr. W. Paul Butt, Montreal General Hospital, 
Montreal, Que., Canada. Meets first Tuesday evening, 
October to April. 

SECTION OF RADIOLOGY oF THE Royat Sociery or MEDI- 
CINE (CONFINED TO MEDICAL MEMBERS) 

Meets third Friday each month at 8:15 p.m. at the Royal 
Society of Medicine, 1 Wimpole St., London, W. 1 
M8AE, 1 England. 

SociETE CANADIENNE-FRANCAISE DE RADIOLOGIE 
Secretary-General, Dr. Hubert Sasseville, Verdun Hospi- 
tal, Montréal, P. Q., Canada. Meets every third Tuesday 
from October to April. 

Tue Hospirat Puysicists’ ASSOCIATION 
Honorary Secretary, J. B. Massey, B.Sc., Christie Hosp. 
and Holt Radium Institute, Physics Department, Wi- 
thington, Manchester M20 9BX, England. 

Toronto RADIOLOGICAL Society 
Secretary, Dr. George Wortzman, Toronto General Hosp., 
Toronto 12, Ont., Canada. Meets second Monday of 
each month, September through May. 

THE Roya AustRALASIAN CoLLeGE or RADIOLOGISTS 
Honorary Secretary, Dr. T. P. Loneragan, 45 Macquarie 
St., Sydney, N.S.W. 2000, Australia. 


SOUTH AMERICA 


CoLÉGIo BRASILEIRO DE RADIOLOGIA 
Secretary-General, Dr. José Marcos Pires de Oliveira, 
Caixa Postal 5984, São Paulo, Brazil. 

FEDERACIÓN ARGENTINA DE SOCIEDADES DE RADIOLOGÍA 
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ROENTGEN DIAGNOSIS 


NECK AND CHEST 


Brock, Lorp. Long survival after operation for 
cancer of the lung. Brit. J. Surg., Jan., 1975, 
62, 1-5. (From: Guy’s Hospital and the 
Brompton Hospital, and Department of 
Surgical Sciences, Royal College of Sur- 
geons, London, England.) 


The author shares his 35 year experience with 
293 cases of cancer of the lung operated by lobec- 
tomy, simple pneumonectomy, and radical pneu- 
monectomy. In his series, the over-all survival rate 
was 32 percent, with a mortality of 13 percent. 
In 86 cases where lobectomy was performed 34 pa- 
tients (40 percent) lived five years or more. With 
simple pneumonectomy, 21 patients (24 percent) 
survived longer than five years. With radical 
pneumonectomy, 39 patients (33 percent) lived five 
years or longer. The five year survival rate following 
radical pneumonectomy of 39 percent approaches 
that of lobectomy and suggests that radical pneumo- 
nectomy does improve the chance of five year 
survival. Radical pneumonectomy in the author’s 
series is an operation which the author described in 
1955 and involves resection of a wider group of 
lymph nodes than are involved by the growth and 
which, otherwise, would not be removed. The sur- 
vival rate is diminished when the lymph nodes are 
involved, but the author cites nine examples of 
patients who have survived longer than five years 
with positive nodes. In this author’s experience, and 
in other published series, regardless of which type of 
operation is performed, there is a one in three chance 
of a five year survival with surgery. 

The author cites many examples of extremely long 
term survival (longer than 20 years) which empha- 
sizes the fact that cancer of the lung can be cured 
surgically. The author suggests that biological 
factors may play an important role in long term 
survival. In the author’s experience, pleural infec- 
tion postoperatively may enhance the long term 
survival rate. The author feels that preoperative 
irradiation is extremely useful and increases the 
chance for survival. He routinely uses preoperative 
irradiation in patients 35 years of age or younger 
and often advises preoperative irradiation in the 
older groups. He does not feel that postoperative 
irradiation, in his experience, has been beneficial. 
The author gives nine examples of patients who de- 
veloped a new primary growth many years following 
resection of a lung neoplasm. Several of these exam- 
ples were resected with good long term survival.— 


Daniel P. Link, M.D. 


Hiccins, GEORGE A., SHIELDS, THomas W., 
and KeeHN, Rosert J. The solitary pul- 
monary nodule: ten-year follow-up of Veter- 
ans Administration-Armed Forces coopera- 
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tive study. 4.M.4. Arch. Surg., May, 1975, 
ZI0O, 570-575. (Address: George A. Higgins, 
M.D., VA Hospital, 50 Irving Street, N.W., 
Washington, D. C. 20422.) 


A cooperative study by the Veterans Administra- 
tion and Armed Forces was carried out with ob- 
servation of over I,100 patients with asymptomatic 
solitary pulmonary nodules. Three hundred and 
ninety-two of these nodules were found to be primary 
bronchogenic carcinoma. Long term survival of 
these patients with carcinoma seems to depend on 
size of the lesion, age at operation, and interval 
between the last normal and the first abnormal 
roentgenogram. The histologic cell type and the 
extent of the surgical resection did not seem to in- 
fluence long term survival. There were 370 patients 
with carcinoma in whom resection was possible and 
only 67 were living and free of disease ten years 
following the operation. 

Numerous tables and graphs accompany this ex- 
cellent article. Especially interesting are the graphs 
comparing the survival rate in patients whose lesions 
were either smaller than or greater than 3.5 cm in 
diameter. A similar graph showing the much better 
survival rate in those patients under age $5 as com- 
pared to older patients, is also of interest. 

This study covered 15 years and involved 65 VA 
hospitals and 13 military hospitals—Richard E. 
Kinzer, M.D. 


Macauet, V., Laritre, P., Roceaux, Y., and 
Pincuon, R. Influence des conditions météor- 
ologiques dans la survenue du pneumothorax 
spontané. (Influence of meteorological condi- 
tions on the occurrence of spontaneous 
pneumothorax.) Lille méd., Nov., 1974, 79, 
go1-906. (From: Service de Pneumologie, 
Centre Hospitalier, Tourcoing, France.) 


The authors try to correlate meteorological statis- 
tics within a ten mile radius around Lesquin (a 
suburb of Lille, situated in a mining district) from 
June, 1967 to June, 1972, and the incidence of spon- 
taneous pneumothorax in the region in those five 
years, namely, 180 cases. 

Ninety-nine of these patients had pre-existing 
pulmonary conditions such as silicosis, emphysema, 
and arrested tuberculosis. This is taken into account 
in their statistical analysis. They observe that the 
greatest incidence of spontaneous pneumothorax 
occurs during the months of November, December, 
and January. The next most common occurrence is 
from June through August. These seasonal variations 
were evaluated in the light of changes of temperature, 
atmospheric pressure, relative humidity and climatic 
upheavals. They conclude that relative humidity 
rise (November through January) is the significant 
factor in causing spontaneous pneumothorax. Tem- 
perature changes are not of importance. Variations 
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in atmospheric pressure gains great significance only 
if the changes (rise or fall) are sharp (brutal is the 
word used by the authors). 

Reviewing the literature, they note that the inci- 
dence of coronary thrombosis and susceptibility (due 
to lowered resistance) to infections follow almost the 
same seasonal pattern.—ferair N. Sarian, M.D. 


ABDOMEN 


Wong, Jonn, and LorwenTuat, Jonn. Hetero- 
topic bone formation in abdominal scars. 
Surg., Gynec. & Obst., June, 1975, 740, 893- 
895. (From: Royal Prince Alfred Hospital, 
Sydney, Australia.) 


Twelve patients with heterotopic ossification in 
abdominal scars were studied. Operative excision 
was required in seven: two for local symptoms; two 
for suspected local malignant recurrences; and three 
for further intra-abdominal procedures. Two of the 
operated cases and the five non-operated cases were 
confirmed roentgenographically. 

Characteristically there appears a rock-hard mass 
in the upper end of a midline abdominal incision 
within one year postoperatively. The excised speci- 
men usually shows osseous tissue which may contain 
active bone marrow. The bones measured from 3.0 
to 15.0 cm in length in this series. Theories of origin 
include: (1) local seeding of periosteal or perichon- 
dral cells into the wound when either the xiphoid or 
the pubis borders the incision; or (2) the presence 
of multipotent embryonic connective tissue cells 
which undergo metaplasia. Once diagnosed roentgen- 
ographically, the only indication for excision would 


be local discomfort.—<Arch H. Hall, M.D. 


Laurer, Icor, MuLrens, J. Epwarp, and 
HamıLron, Jonn. The diagnostic accuracy 
of barium studies of the stomach and duode- 
num: correlation with endoscopy. Radiology, 
June, 1975, 775, 569-573. (Address: Igor 
Laufer, M.D., Department of Radiology, 
McMaster University Medical Centre, Ham- 
ilton, Ont., Canada L8S 4J9.) 


The authors compare the roentgenologic and 
endoscopic findings in a series of consecutive pa- 
tients examined by fiberoptic endoscopy and com- 
pare the diagnostic accuracy of the standard barium 
meal with the accuracy of the double contrast tech- 
nique. There were 240 patients available for this 
study. Most of the patients had had a barium study 
done within two weeks prior to the endoscopic 
examination and, because of this, the endoscopic 
findings were accepted as the correct diagnosis. In 
this study the authors were concerned with the de- 
tection of lesions rather than the pathologic diag- 
nosis. 

Roentgenologic errors were classified as either: 
(a) false negative lesions discovered endoscopically 
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but not detected on the preceding roentgen-ray 
study; or (b) false positive lesions diagnosed roent- 
genologically in which adequate endoscopic examina- 
tion of the area in question revealed no corresponding 
abnormality. One hundred and seventy-five of the 
patients had had a standard barium study and there 
were 39 roentgenological errors (22 percent). Ap- 
proximately one-half of these errors were false 
negatives and one-half were false positives. Sixty- 
five patients were examined by double contrast 
technique and in this group there were four roentgen- 
ologic errors (six percent). Fluoroscopy was used 
primarily for determining the correct volume of 
barium, adequacy of mucosal coating and positioning 
rather than for definitive diagnosis, and the spot 
films obtained either by residents or technologists 
were then interpreted by the radiologists or a group 
of radiologists independently of the fluoroscopic 
observations. 

The most common causes of error were failure to 
detect an abnormality on the roentgenogram and 
prominent mucosal folds which could either hide 
lesions or could simulate an ulcer crater. It is felt by 
the authors that the double contrast technique for 
the roentgenologic study of the stomach and duode- 
num offers a significant improvement in the diag- 
nostic accuracy.—Donald N. Dysart, M.D. 


SANKARAN, S., and Watt, ALEXANDER J. The 
natural and unnatural history of pancreatic 
pseudocysts. Brit. J. Surg., Jan., 1975, 62, 
37-44. (Address: A. J. Walt, M.D., Depart- 
ment of Surgery, Wayne State University 
School of Medicine, Detroit, Mich. 48201.) 


The authors present their experience with 131 
pseudocysts of the pancreas in 112 patients. In their 
review, they analyze the natural history of the 
pancreatic pseudocysts, look at the different modes 
of therapy, and assess the significant complications. 

Seventy-five percent of patients were in the fourth 
and fifth decades, but the patients ranged in age 
from 16 to 79 years. Eighty-six patients were men 
and 26 patients were women. Ninety percent of the 
pseudocysts were preceded by pancreatitis and ten 
percent followed trauma. Alcoholism was the pre- 
dominant cause of pancreatitis. Many of the post- 
traumatic pseudocysts were produced by blunt or 
direct penetrating blows to the pancreas. Most of 
the patients showed characteristic symptoms and 
signs including upper abdominal pain and weight 
loss. A mass was palpable in only half of the patients. 
A number of the patients had chronic ascites and 
some patients had transient hypertension. Labora- 
tory findings included elevated amylase and leuko- 
cytosis. Many of the patients were jaundiced. Some 
pseudocysts in the region of the head of the pancreas 
were associated with a raised serum alkaline-phos- 
phatase, but a normal serum bilirubin. Roentgeno- 
graphic studies demonstrated a mass in the region of 
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the pancreas in only 75 percent of the cases. In three 
patients, the mass was detected only on an intra- 
venous pyelogram. Twenty-five percent of the pa- 
tients had a unilateral or bilateral pleural effusion 
with or without an atelectasis or pneumonia in the 
lower lung fields. Five patients had an elevated left 
diaphragm as the only abnormality in the chest 
roentgenograms. Abdominal roentgenograms showed 
pancreatic calcification in 13 patients and each of 
these patients had raised serum-amylase levels. 

Forty of the pseudocyst patients showed spontane- 
ous regression of the pseudocysts or were associated 
with one or more complications, including rupture, 
hemorrhage or ascites. Ten patients showed spon- 
taneous regression. Three pseudocysts drained into 
the duodenum, duodenum and common bowel duct, 
and colon, respectively. Ruptured pseudocysts were 
found in 19 patients. There was an acute rupture 
into a variety of adjacent organs and spaces. The 
authors found massive hemorrhage associated with 
the pseudocysts as an unpredictable, serious compli- 
cation, which has a high mortality. In fact, bleeding 
was the prime cause of mortality in this series. 
Pancreatic ascites was seen in 18 patients. Pancreatic 
ascites was diagnosed by elevated serum-amylase, 
elevated ascitic fluid amylase, and elevated ascitic 
protein. Seventy-nine patients in this series showed 
no preoperative complications. 

In the authors’ experience spontaneous regression 
of pseudocysts does occur in approximately eight 
percent of patients, but because of the unpredicta- 
bility and the severity of the potential complications, 
surgical therapy is strongly suggested. The timing of 
the surgical procedure, in this disease, is still unclear 
since the immature phase of the pseudocyst is associ- 
ated with the most delicate type of lining. The au- 
thors prefer to operate on mature pseudocysts; conse- 
quently patients with fresh pseudocysts remain in 
the hospital for two to four weeks before an opera- 
tion. 

The authors mention recent reports of a high 
degree of multiplicity in pseudocyst pancreas and 
suggest careful roentgenological work-up with pan- 
creatography to exclude small additional lesions. 
Their most satisfactory surgical results were ob- 
tained by cystoduodenostomy. For lesions of the 
body and the tail of the pancreas, anastomosis to the 
stomach or jejunum has been performed.—Danie/ 
P. Link, M.D. 


Brewster, Davip C., RETANA, ALVARO, 
WALTMAN, ARTHUR C., and Darno, R. 
CLEMENT. Angiography in the management 
of aneurysms of the abdominal aorta: its 
value and safety. New England F. Med., 
April, 1975, 292, 822-825. (Address: R. 
Clement Darling, M.D., 3 Hawthorne Place, 
Boston, Mass. 02114.) 


One hundred and ninety patients with the clinical 
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diagnosis of abdominal aortic aneurysm underwent 
preoperative angiography. Each patient had a 
pulsatile abdominal mass that was considered to be 
an aortic aneurysm. The patients were usually 
examined with retrograde femoral angiography, un- 
less there were decreased femoral pulses, and the 
axillary approach was utilized. Ninety-three per- 
cent of the patients were examined with the retro- 
grade femoral approach with mid-stream catheter 
aortography. 

Of the 190 patients with the clinical diagnosis of 
aneurysm of the abdominal aorta, eleven percent did 
not have an aneurysm and the pulsatile mass repre- 
sented either a tortuous aorta or other intra- 
abdominal masses. In four patients, the pulsatile 
mass was a pancreatic lesion. 

Forty-one percent of the patients had associated 
aneurysmal disease of the iliac vessels and 15 percent 
had aneurysms of other pelvic vessels. Other vascu- 
lar abnormalities included: stenotic lesions of the 
renal or superior mesenteric arteries, or both; 
multiple renal arteries; and vascular lesions in the 
lower extremities and in the aortocranial vessels. 

Although major complications did not occur in the 
series presented, possible complications include 
aneurysm perforation, dislodgement of mural 
thrombus, iatrogenic dissection of a diseased vessel, 
etc. 

Eighty-three percent of patients in the series 
showed curvilinear calcification on the lateral lumbar 
spine roentgenograms and this is one of the most 
reliable routine roentgenographic diagnostic findings. 
When these calcifications were present, there was a 
definite aortic aneurysm in 95 percent of the pre- 
sented patients. Ultrasonography has also been used 
in diagnosing abdominal aortic aneurysms. 

Thus, aortic angiography is most valuable in 
delineating the anatomic extent of the aneurysmal 
disease prior to operation rather than aiding in 
diagnosis. Actually, the decision as to whether the 
aneurysm in any particular patient is operable, may 
depend on the angiographic findings. Also, angiogra- 
phy is helpful in evaluating the extent of surgery 
necessary, including possibly renal artery grafting if 
the stenotic lesions of the renal arteries were deter- 
mined to be hemodynamically important. 

The definite indications for preoperative angiog- 
raphy in patients with clinically suspected aneurysm 
of the abdominal aorta include the noncalcified 
aneurysm (indicating a possible nonaneurysmal 
mass with transmitted pulsations, mycotic aneurysm, 
etc.), an aneurysm extending to the xyphoid process 
on physical examination or a widened thoracic aorta, 
the presence of hypertension suggesting the possi- 
bility of renal vascular disease, symptoms suggesting 
intestinal ischemia, and patients with coexisting 
aortoiliac or femoropopliteal occlusive disease or 


aneurysm.—Ronald F. Ross, M.D. 
LAMARQUE, J.-L., Senac, J.-P., BRUEL, J.-.M., 
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DE Sars, P., and Bouter, P. L’hépatographie 
à l’huile iodée émulsionnée par voie artérielle. 
(Hepatography by intra-arterially injected 
iodized oil emulsion.) Presse méd., Jan., 1975, 
4, 263-267. (Address: Pr. J.-L. Lamarque, 
Service Central de radiodiagnostic clinique, 
Saint-Eloi, F 34059 Montpellier Cedex, 
France.) 


Based upon 250 cases, hepatography obtained by 
intra-arterial injection of 150 cc of fat-soluble emul- 
sion of an iodized compound (A.G. 52-315) following 
regular selective arteriography (celiac trunk or 
superior mesenteric) gave excellent hepatographic 
images in 10 percent of cases. In 49 percent the 
images were good and in 34 percent fair. Only in 
7 percent did hepatography fail and this was because 
of severe liver damage. In none of the cases injected 
was there any serious complications, in particular, 
no pulmonary embolus ensued. Tomographic studies 
of the liver were made from 2 to 5 hours after injec- 
tion, and demonstrated parenchymal lesions as small 
as 2 mm. The study significantly contributes to 
topographic pathological anatomy as well as physi- 
ology of the liver.—Firair N. Sarian, M.D. 


BUcHELER, E., THELEN, M., SCHIRMER, G., 
ScuuLz, D., FRomMMHoLD, H., SIEDECK, M., 
and KAurer, C. Katheterembolisation der 
Milzarterien zum Stopp der akuten Varizen- 
blutung. (Catheter embolization of the splenic 
artery as treatment for acute bleeding from 
varices.) Fortschr. a. d. Geb. d. Röntgenstrah- 
len u. d. Nuklearmedizin, March, 1975, 722, 
224-229. (Address: Prof. Dr. E. Bücheler, 
Radiologische Klinik, Abteilung Röntgen- 
diagnostik, 2 Hamburg 20, Martinistrasse 
52, Germany.) 


Embolization of the splenic artery with fibrin 
foam, in order to stop acute bleeding from varices in 
the esophagus and stomach, was carried out in two 
patients. This procedure was performed immediately 
after demonstration of the varices by means of 
catheterization and selective injection into the 
splenic artery and superior mesenteric artery. The 
fibrin foam was injected slowly to prevent escape of 
the material into other branches of the celiac axis, 
and after the procedure an angiogram was made for 
control. 

By this method it is possible to achieve temporary 
cessation of bleeding from the varices. The procedure 
is indicated in desperate situations, as when intuba- 
tion has been unsuccessful in control or has to be dis- 
continued, when endoscopic treatment is contraindi- 
cated, or when the liver function or other medical 
considerations prevent emergency construction of a 
shunt. 

Permanent results cannot be expected and recur- 
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rence of bleeding will occur. However the use of 
splenic embolization produces an interval without 
bleeding during which liver function can be improved 
so that a decompressing shunt operation becomes 
possible for definitive management.—Modified Pub- 
lished English Abstract. 


HermanvutTz, K. D., BUCHELER, E., and Ktals, 
E. Möglichkeiten und Grenzen der Kavogra- 
phie in der Tumordiagnostik. (The scope and 
limitations of cavography in tumor diagno- 
sis.) Fortschr. a. d. Geb. d. Réntgenstrahlen 
u. d. Nuklearmedizin, March, 1975, 722, 230- 
237. (Address: Dr. K. D. Hermanutz, Radio- 
logische Universitatsklinik, 53 Bonn, Venus- 
berg, Germany.) 


A study was carried out to determine the accuracy 
of contrast studies of the inferior vena cava in 
localizing retroperitoneal masses, to determine their 
extent, to determine whether or not it is possible to 
classify the type of tumor present, and to determine 
whether or not the presence of thrombi can be re- 
garded as a sign of invasion of the vena cava by a 
malignant tumor. Of a total of 500 examinations, 
144 were selected and in these 144 diagnosis had been 
confirmed surgically, histologically, at autopsy, or 
by the clinical course. 

Several types of abnormality of the roentgen ap- 
pearance were considered and the value of each was 
examined statistically. The types of abnormality are: 
ill-defined impression on the vena cava with dis- 
tortion of the contour of the vessel; a well-defined 
sharp impression; the presence and type of collateral 
vessels; the location and degree of displacement of 
the vena cava; occlusion of the vessel; the presence 
of filling defects; and obstruction of retroperitoneal 
veins. 

Most of these abnormalities were not valuable for 
differentiating between a benign and malignant 
tumor. One sign was found to be fairly reliable in this 
differentiation. The ill-defined impression on the 
border of the vena cava with breaks in the continuity 
of the vascular margin indicated a malignant process, 
while the other abnormalities were nonspecific.— 


Modified Published English Abstract. 


Dipovkar, M. S., Matuorra, Y., Hotyoxe, 
E. D., and Eras, E. G. Cystadenoma of the 
pancreas. Surg., Gynec. & Obst., June, 1975, 
140, 925-928. (From: Department of General 
Surgery, Roswell Park Memorial Institute, 
New York State Department of Health, 
Buffalo, N. Y.) 


Most pancreatic cysts are either pseudocysts or 
retention cysts. Cystadenoma and cystadenocar- 
cinoma may also present as cystic swellings arising 
from the pancreas. If not recognized as such, oppor- 
tunities for cure may be missed. Cystadenoma repre- 
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sents four to ten percent of all pancreatic cystic 
swellings. Roentgenographically, upper and lower 
gastrointestinal series can aid in demonstrating the 
size of the lesion, and celiac and superior mesenteric 
angiograms are particularly helpful because of the 
vascularity of these tumors. Most are within the 
body or tail of the pancreas. They have no connec- 
tion with the pancreatic duct or its branches, and 
they are multiloculated so that surgical drainage 
only complicates the subsequent removal. 

In this series of five patients, who were predomi- 
nantly middle-aged women, the presenting symptoms 
were pain and an epigastric mass without history of 
pancreatitis or abdominal trauma. Although the 
tumor is benign, it is known to have association with 
other malignant lesions as well as multicystic tumors 


of the liver and kidneys.—Arch H. Hall, M.D. 


vAN HEERDEN, JONATHAN A., and ReEMuInE, 
WivuiamM H. Pseudocysts of the pancreas: 
review of 71 cases. 4.M.A. Arch. Surg., May, 
1975, 270, 500-505. (Address: Jonathan A. 
van Heerden, M.B., Mayo Clinic, Rochester, 
Minn. 55901.) 


Cystic lesions of the pancreas are somewhat un- 
common but pseudocysts are becoming more com- 
mon, probably as a result of trauma sustained in 
automobile accidents. Pseudocysts may form from 
extravasation of blood, from tissue juices, or from 
repeated inflammatory reactions in and about the 
pancreas. The tumor masses may occur in any part 
of the pancreas and a mass developing in the left 
upper quadrant of the abdomen after trauma should 
make one suspect a pseudocyst. Symptoms of pan- 
creatitis are commonly noted and these include dull 
aching pain in the upper part of the abdomen with 
anorexia and weight loss and fever. Calcification may 
be noted in the pancreatic area and jaundice is 
present in about ten percent of patients where the 
lesions involve the head of the pancreas. 

During the period of 1962 to 1972, 71 patients un- 
derwent surgical treatment for pancreatic pseudo- 
cyst; internal drainage was performed in 73 per- 
cent of these patients as compared to only 20 percent 
in the series during the previous ten years. During 
their analysis the authors found that the results 
during the past decade were superior to those in the 
previous decade. The treatment of choice is internal 
drainage either into the stomach or jejunum. 

The article is supplemented with several tables 
and numerous illustrations. Ultrasound, retrograde 
pancreatography, and angiography are used in the 
diagnosis of these lesions. 

Comment includes a discussion of the many de- 
batable surgical problems concerning the treatment 
of these lesions. These comments should certainly 
be a must for the surgeon interested in managing 
pseudocysts of the pancreas.—Richard E. Kinzer, 
M.D. 
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AMERIKS, JOHN A., THompson, Norman W., 
FREY, CHARLES F., AppELMAN, Henry D., 
and WALTER, JosepH F. Hepatic cell ade- 
nomas, spontaneous liver rupture, and oral 
contraceptives. 4.M.A. Arch. Surg., May, 
1975, 770, 548-557. (Address: Norman W. 
Thompson, M.D., Outpatient Building, 
Room C-7554, University of Michigan Medi- 
cal Center, Ann Arbor, Mich. 48104.) 


Hepatic cell adenomas have been reported with 
increasing frequency during the past decade and 
spontaneous rupture seems to be a more frequent 
complication of this tumor. From the University 
of Michigan Medical Center in Ann Arbor, Michigan 
comes this report on eight patients with hepatic 
cell adenomas. They were all women between the 
ages of twenty-five and forty-four and all had been 
taking commonly used oral contraceptive agents 
containing progestogen and estrogen. The authors 
conclude that the increased incidence of hepatic cell 
adenomas may well be related to the use of oral 
contraceptive agents. Three of the patients described 
developed symptoms from hemorrhage into the 
peritoneum, two patients had upper abdominal pain 
from intrahepatic hemorrhage, and palpable tumors 
were the primary discovery in three asymptomatic 
patients. 

On the basis of their studies, the authors do not 
believe that liver scans are dependable. They believe 
that the most valuable roentgenographic examina- 
tion is hepatic angiography. Several accompanying 
illustrations demonstrate the detected tumors. 
Arteriograms were obtained preoperatively in five 
of their eight patients. The main hepatic artery was 
normally greatly enlarged and each patient studied 
had a solitary hypervascular lesion. The angiographic 
appearance might be useful in distinguishing these 
tumors from malignant hepatic lesions.—Richard 
E. Kinzer, M.D. 


BernaDEs, P., Carter, B., and Dupuy, R. 
Etude clinique et évolutive de 102 cas de 
pancréatite chronique. (Clinical and progres- 
sive study of 102 cases of chronic pan- 
creatitis.) Presse méd., Jan., 1975,3, 149-152. 
(Address: Dr. P. Bernades, Centre de Gastro- 
entérologie, Hôpital Beaujon, 100, boulevard 
du Général-Leclerc, F 92110 Clichy, France.) 


The authors used strict criteria in confirming the 
diagnosis of chronic pancreatitis in the 102 cases 
presented. Thus, 72 cases had roentgen or surgical 
evidence, or both, of pancreatic calcifications. 
Eighty-one patients were chronic alcoholics. In 
seven patients chronic pancreatitis developed some- 
time after surgically verified pancreatitis. 

Steatorrhea was more prevalent in patients show- 
ing pancreatic calcifications. Biliary lithiasis was 
noted in 17 percent, alcoholic cirrhosis in 17 percent 
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and gastric or duodenal ulcers in 24 percent. 
Sixty-two patients had to be operated on because 
of complications or progression of the chronic pan- 
creatitis (such as development of acute pancreatitis 
and pseudocysts of the pancreas, obstructive jaun- 
dice, portal hypertension, or cholelithiasis). During a 
two year period, 70 patients were followed, and of 
these, 60 percent showed regressive signs. This per- 
centage is the same for those who were operated 
upon, or treated medically only. In all the cases, 
abstention from alcohol was found indispensible for 
good therapeutic results.—7irair N. Sarian, M.D. 


GENITOURINARY SYSTEM 


Raskin, Micuaet M., Poore, DARRELL O., 
Rogen, SHELDON A., and ViaAmMonrE, Man- 
UEL, Jr. Percutaneous management of renal 
cysts: results of a four-year study. Radiology, 
June, 1975, 775, 551-554. (Address: Manuel 
Viamonte, Jr., M.D., Department of Radi- 
ology, Mount Sinai Medical Center, Miami 
Beach, Fla. 33140.) 


The therapeutic management of renal cysts by 
percutaneous methods was studied comparing 
Pantopaque instillation and Renografin with air 
instillation following partial aspiration of cyst fluid. 
Fifty-six cysts were instilled with Pantopaque and 
followed at varying intervals over a four year period. 
Fifteen patients had only Renografin and air 
injected. The Renografin injected cysts demon- 
strated random changes in size with most either 
increasing or remaining the same in size. Using 
statistical evaluation of the data from the Panto- 
paque injected cysts, a cyst so injected has a 61 per- 
cent probability of being reduced in volume by at 
least 50 percent within 30 months. The findings thus 
suggest that Pantopaque alters the natural history 
of a renal cyst.—R. F. Kuhnhein, M.D. 


SincH, MaANMEET, MarsHALL, VILLIs, and 
Bianpy, Jonn. The residual renal stone. 
Brit. J. Urol., April, 1975, 47, 125-129. 
(From: The London Hospital, London, 
England.) 


It has often been said that following removal of a 
staghorn renal calculus any residual tiny fragments 
will lead to eventual recurrence of the calculus. For 
this reason preoperative contact renal films are often 
made in an attempt to exclude any remaining cal- 
careous particles. In this series of more than 120 
pyelolithotomies for staghorn calculi, it was found 
that recurrence of stone is not inevitable when a frag- 
ment is left behind and complete removal does not 
guarantee that a stone will not recur. 

Through a controlled cadaver kidney study the 
authors have shown that calculi fragments 1X1 
mm are usually missed on the Kodak contact film 
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under ideal conditions by the most experienced ob- 
servers. Even larger fragments are likely to be 
missed under less favorable operating conditions. 
However, the residual stones do not always grow 
but often pass spontaneously or remain unchanged. 
While it is advisable to take every reasonable pre- 
caution to remove calculi as completely as possible, 
the operative contact renal film would seem of ques- 
tionable value if it unduly prolongs the operative 


procedure.—Arch H. Hall, M.D. 


FoLey, W. Dennis, BOOKSTEIN, JOSEPH J., 
Tweist, Mervin, Gikas, PauL W., Mayor, 
GILBERT H., and TurcoTre, JEREMIAH G. 
Arteriography of renal transplants. Radiology, 
Aug., 1975, 776, 271-277. (Address: W. 
Dennis Foley, M.D., Department of Radi- 
ology, University of Michigan Medical 
Center, Ann Arbor, Mich. 48104.) 


Sixty arteriograms were reviewed in patients who 
underwent arteriography for postrenal transplanta- 
tion dysfunction. Thirty-four studies provided 
technically adequate demonstration of the cortical 
angiogram, and these were analyzed to determine 
the discriminatory value of angiography. 

Arteriography was performed by retrograde per- 
cutaneous femoral catheterization on the side con- 
taining the transplant. The hypogastric artery was 
selectively engaged in all but two cases and direct 
2X magnification was used in all but the first six 
cases. Three X magnification was used also in the 
final 14 cases. 

Angiograms were analyzed independently by two 
observers without knowledge of the clinical data. 
Three major observations were made in each case: 
(a) estimated renal blood flow; (b) the appearance 
of the interlobar arteries; and (c) analysis of the 
magnification renal cortical microangiogram. 

Angiography permitted recognition of common 
causes of post-transplantation dysfunction including 
acute vasomotor nephropathy, acute rejection, 
chronic rejection, and obstruction of the ureter, renal 
artery or renal vein. In addition to its diagnostic 
value, angiography provided some prognostic infor- 
mation in acute rejection. Irreversible rejection 
could be predicted on the basis of total absence of 
outer cortical opacification, indicating cortical 
necrosis.— Yon F. Bergstrom, M.D. 


Nervous SYSTEM 


Hucxman, MiīicHaEL S., Fox, Jacos, and 
TopEL, JorpAN. The validity of criteria for 
the evaluation of cerebral atrophy by com- 
puted tomography. Radiology, July, 1975, 
716, 85-92. (Address: Michael S. Huckman, 
M.D., Department of Diagnostic Radiology, 
Presbyterian-St. Luke’s Hospital, Chicago, 
Ill. 60612.) 
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Two groups of patients over the age of 60 were 
studied for the presence or absence of cerebral 
atrophy by computed tomography. The groups con- 
sisted of demented and nondemented people. Each 
patient in one group (35 patients) had a clinical 
diagnosis of senile dementia and had been examined 
by a neurologist. The other group (48 patients) con- 
sisted of all patients in a series of 300 consecutive 
computed tomograms. 

Criteria for evaluation of cortical atrophy are 
discussed. These included subjective criteria and 
more objective evaluation by measuring ventricular 
size and width of cortical sulci. The findings were 
similar using either method. Previous studies of 
cortical atrophy in elderly people as determined by 
pathologic and pneumoencephalographic methods 
are compared to the computed tomographic findings. 
There was close correlation. 

Most of the demented patients showed evidence of 
atrophy and most of the other groups did not show 
evidence of atrophy. Of particular interest is that 
two of the demented patients with no computed 
tomographic evidence of atrophy were subsequently 
discovered to have treatable illnesses. There was 
resolution of dementia following appropriate therapy. 
Another was discovered to have low pressure hydro- 
cephalus. The authors conclude that careful investi- 
gation for a treatable illness should be done in those 
demented patients without demonstrable evidence 
of cerebral atrophy.—Z. K. Teaford, M.D. 


GABRIELSEN, [RYGVE O., SEEGER, JOACHIM F., 
and AMUNDSEN, PER. Some new angiographic 
observations in patients with Chiari Type 1 
and 1 malformations. Radiology, June, 1975, 
715, 627-634. (Address: Trygve O. Gabriel- 
sen, M.D., Department of Radiology, Uni- 
versity of Michigan Medical Center, Ann 
Arbor, Mich. 48104.) 


The authors describe the angiographic findings in 
Arnold-Chiari malformation and corroborate the 
previous descriptions by Greitz and Sjögren (Acta 
radiol. (Diag.), 1963, Z, 284-297). In Type 1, the 
medulla oblongata is displaced downward into the 
spinal canal. In Type 11, in addition, the inferior 
vermis, the brainstem and the fourth ventricle are 
elongated, with the latter extending for varying dis- 
tances into the spinal canal. The authors present 13 
cases of Chiari Type 1 and 11 malformations examined 
by vertebral and carotid angiography. The angio- 
grams presented are good quality subtractions and 
there is ample labeling of vasculature. 

The pertinent findings are caudal displacement and 
deformity of the tonsillohemispheric branches of the 
posteroinferior cerebellar artery (PICA), visualiza- 
tion of small tonsillar branches of the PICA below 
the foramen magnum and an open, stretched caudal 
loop of the PICA below the foramen magnum. 
Definite staining of the tonsil below the foramen may 
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sometimes be seen. It may also be possible in some 
cases to identify an indentation of the brainstem 
anteriorly and grooving of the malformed cerebellum 
posteriorly. All of these same findings could be found 
in association with an expanding intracranial mass 
lesion; the obvious difference in the clinical picture 
would help to differentiate the two.—W. J. Dittman, 
M.D. 


SKELETAL SYSTEM 


Ursunomiya, Joji, and NAKAMURA, TADASHI. 
The occult osteomatous changes in the mandi- 
ble in patients with familial polyposis colli. 
Brit. F. Surg., Jan., 1975, 62, 45-51. (From: 
Second Department of Surgery, Medical 
School, and Department of Radiology, Den- 
tal School, Tokyo Medical and Dental Uni- 
versity, Tokyo, Japan.) 


The authors have noted a characteristic endos- 
teoma lesion of the jaw, seen best on panoramic 
views, which they feel is characteristic for patients 
with familial polyposis coli. All patients with numer- 
ous adenomatous polyps distributed throughout 
most parts of the large intestine, regardless of familial 
occurrence or the association of extra colic lesions, 
are considered to have familial polyposis coli 
(F.P.C.). Prior to the study, the authors noted that 
jaw abnormalities were frequently seen in patients 
with Gardner’s stigmata, therefore, they decided to 
carry out routine roentgenological examination of 
the oral region on all patients with adenomatous 
polyps in the colon. The authors considered the 
following three groups: 


1. Polypotic members of F.P.C. families 
2. Non-polypotic members of F.P.C. families 
3. Cases with intestinal polyposis of other types 


These three groups included 29 cases, 19 cases, and 
six cases, respectively. Colons removed from the 
above patients showed typical adenomatous lesions 
in 23 patients. Solitary or multiple malignant lesions 
were found in ten patients. The remaining five pa- 
tients were none-operated, but showed characteristic 
roentgenological and endoscopic features. 

Dental roentgenograms on these subjects showed 
characteristic endosteomas in 27 out of 29 cases with 
F.P.C. (93.2 percent). These lesions were present in 
only three of 19 members of F.P.C. families who 
were free of polyps. Other types of polyposis, in- 
cluding Peutz-Jeghers syndrome, did not show these 
characteristic lesions. The lesions are described by 
the authors as radiodense with sharp borders, varying 
in size from three to ten millimeters in diameter. 
They are mostly round but sometimes show irregular 
margins. The degree of radiopacity differs between 
lesions and within a lesion. The density in a lesion is 
usually equal to the bony cortex. In seven cases, the 
lesions were solitary and in Ig cases the lesions were 
multiple. In F.P.C. patients there was a frequent ap- 
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pearance of impacted teeth. Patients in F.P.C. 
families without polyposis showed lesions which were 
smaller and always solitary. 

The authors have noted that the presence of these 
characteristic lesions of the jaw occur in most pa- 
tients with F.P.C., regardless of the association with 
Gardner’s stigmata. They suggest therefore, that 
Gardner’s syndrome and simple F.P.C. should not 
be considered as different etiological categories. They 
further suggest that F.P.C. has the potential to 
produce a variety of neoplastic lesions other than the 
typical colotic lesion, e.g., adenomatosis of the 
stomach and the characteristic jaw  lesions.— 


Daniel P. Link, M.D. 


Resnick, DoNnaLD, SHAUL, STEPHEN R., and 
Rosins, Jon M. Diffuse idiopathic skeletal 
hyperostosis (DISH): Forestier’s disease with 
extraspinal manifestations. Radiology, June, 
1975, 775, 513-524. (Address: Donald Res- 
nick, M.D., Department of Radiology, Vet- 
erans Administration Hospital, 3350 La Jolla 
Village Drive, San Diego, Calif. 92161.) 


Forestier’s disease or ankylosing hyperostosis of 
the spine is characterized by ossification of the an- 
terior and right lateral aspects of the vertebral col- 
umn, particularly in the thoracic region. The authors 
described the extraspinal manifestations of Fores- 
tier’s disease in 21 consecutive cases and suggest that 
diffuse idiopathic skeletal hyperostosis (DISH) is a 
more appropriate description of the ossifying 
diathesis. 

All 21 patients had abnormalities of the spine. 
Extraspinal abnormalities are particularly prominent 
in the following sites: 

Pelvis: Osseous “‘whiskering”’ at sites of ligament 
attachments (iliac crest, ischial tuberosity, tro- 
chanters), not unlike that occurring in ankylosing 
spondylitis and ligament ossification, is frequent. 

Heel: Spurs on the posterior or inferior surface, 
or both, of the calcaneus are common. 

Foot: Distinctive bony outgrowths occur along 
the dorsal surface of the talus, dorsal and medial 
tarsal, navicular and lateral and plantar portions of 
the cuboid and base of the fifth metatarsal. Large 
talar beaks may occur. 

Elbow: Olecranon spurs are frequent, well defined 
and occasionally of considerable size. 

Other Sites: Scattered osseous outgrowths occur 
at other sites of ligament attachment in the body, 
they are particularly striking about the patella and 
distal tibia and fibula. 

Axial symptoms and signs dominate the clinical 
picture in this disorder. Mid or low back pain and 
decreased range of motion are prominent and cervical 
spine osteophytosis may produce dysphagia due to 
compression of the esophageal lumen. Peripheral 
musculoskeletal complaints may be the initial clinical 
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manifestation of the disease. These symptoms are 
“para-articular’ with pain, tenderness and de- 
creased range of motion, and surgical removal of 
osteophytes may be necessary. 

The roentgenographic appearance in the periph- 
eral skeleton is frequently distinctive and allows the 
radiologist to suggest the correct diagnosis, even in 
the absence of axial roentgenograms.—7. L. Mont- 
gomery, M.D. 


TREDWELL, STEPHEN J., and O'BRIEN, Jonn P. 
Avascular necrosis of the proximal end of the 
dens: a complication of halo-pelvic distrac- 
tion. J. Bone & Joint Surg., April, 1975, 
57-4, 332-336. (Address: Stephen J. Tred- 
well, M.D., Division of Orthopaedic Surgery, 
University of British Columbia, 2740 Heather 
Street, Vancouver, British Columbia V5Z 
3J4, Canada.) 


Roentgenographic evidence of avascular necrosis 
of the upper part of the dens was observed in 13 of 
94 patients treated for scoliosis using Halo pelvic 
distraction. The diagnosis was made on the basis of 
demonstration of cystic areas, sclerosis and irregu- 
larity in contour of the dens. In this group, roentgen- 
ographic evidence of degeneration of the zygo- 
epiphyseal joints of the cervical spine was recognized 
by narrowing of the joint space and cystic erosion 
of adjacent bone. 

Distraction forces were measured and expressed 
as a percentage of body weight. Distraction forces 
were expressed in two ratios: ratio one representing 
the amount of distraction between the axis and the 
occiput, and ratio two representing distraction of the 
atlantoaxial joint. The 13 cases of avascular necrosis 
of the upper part of the dens all occurred in the group 
that had had relatively high ratios, permitting the 
determination of figures above which there was a 
high incidence of avascular necrosis. The blood sup- 
ply to the dens is principally from the vessels that 
enter through the apical alar ligaments, and appar- 
ently excessive traction on these ligaments may com- 
promise the vessels and contribute to the avascular 
necrosis. Stretching of the atlantoaxial ligaments 
may cause instability. In four of the patients in this 
series, a separation between the anterior arch of the 
first cervical vertebra and the dens on forward trac- 
tion was more than 4 mm. Of these patients, three 
were in the group with avascular necrosis. This latter 
finding suggests that the distraction should be ap- 
plied with the neck in neutral position and not in 
flexion. 

In eleven of the 13 patients, clinical and roentgeno- 
graphic follow-up of from twelve to 30 months was 
possible and progressive healing of the avascular 
lesions was observed. The ultimate clinical signifi- 
cance of the necrosis is not known.—Lois Cowan 


Collins, M.D. 


Barium, Barium Systems, 
and Ancillary Products 


... formulated and designed to meet the realistic 
needs of the Modern Radiology Department 


i System of 
e-z-em VOUr choice 


| | 111 SWALM STREET 
Westbury, N.Y.11590 (516) ain 


international Affiliates: E-Z-EM Rooster B. V.. Infirmeriestraat 6-8, Rotterdam 16, Ne ands 





SIEMENS 


Opiimatic Generator System 
The time-sharing approach to radiolog' 


Another first from Siemens. Optimatic 
generators that permit multiple examination 
rooms to operate from a single generator. 
Each room is equipped with a satellite 
control console, allowing free and inde- 
pendent operation. And a memory bank 
allows simultaneous programming, so 
individual programs can be recalled the 
instant the exposure is made. 


This cost- and space-saving system is 
composed of a centrally-located master 
generator, a built-in analog computer and 
push-button organ-related consoles. 
Organ-keyed controls automatically select 
kv, focal spot, screen combination and 
film blackening. Capabilities that minimize 
the number of decisions and settings 
required of a correct diagnostic radio- 
graph. All contributing to proper diagnosis 
and improved patient flow. 


Optimatic generator outputs range from 
50 kw to 150 kw.and feature electronic 
falling load, insuring maximum tube 
loading for the shortest possible exposure 
time. Tubes are matched to the output 

of the generator. 


Siemens Optimatic Generator System. 


The first full time-sharing approach to 
radiology. Write for detailed literature. 


Siemens Corporation 


Medical Systems Division 
186 Wood Avenue South, Iselin, New Jersey 08830 (201) 494-1000 
In Canada: Siemens Canada Limited, P.O. Box 7300, Pointe Claire 730-P.Q. 
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What you see is the 
remote control console 
of a complete 600 MA, 
125 KV xray room. It’s a 
room with the electronic and 
mechanical integrity of a top Euro- 
pean installation. A room that takes less 
space than any other (the generator, you 
see, fits inside the table base). A room 
that saves thousands of dollars in instal- 
lation costs (put the box on the back 
wall, and that’s it). A room with conven- 
ience features simply not available 
anywhere else (the control goes any- 
where you want it to, at the end of a low- 
voltage telephone line). A room that 


costs just about half 
of what you're ex- 
pecting to pay. 

And that’s something 
special. 

The room is now deli- 
vering superb, bread-and- 
butter radiography in over 200 
installations. The guys who staked every- 
thing on its design and manufacture are 
(left to right) Bud Vatz, Bud Bezark and 
Jim Craig—now the principals of Amrad. 
If you’ve bought x-ray equipment, you’ve 
probably dealt with them before. Isn't it 


that acquaintance? 
AMERICAN RADIOLOGIC SYSTEMS, Inc. 


2255 North Janice Avenue 
Melrose Park, Illinois 60160 
Telephone (312) 865-2600 


Varian Clinac 


Medical Linear Accelerators 


Powerful tools 
r radiotherapy 








Clinac 4 


Power, Precision 
and Reliability 








The most successful medical linear acceler- 
ator in use today, the Clinac 4 has effectivel 
become the standard of second generation 
supervoltage therapy equipment. Excellent 
clinical characteristics, outstanding beam 
definition and exceptionally flat fields, 
permit aggressive and accurate radiotherapy 
High dose rate and mechanical precision 
provide time savings and rapid treatment 
set-ups. Modular design, combined with 
positive preventive maintenance has 
resulted in an outstanding reliability record 
for the Clinac 4. 


Clinac 4S 


Clinac 4 Performance 
From a Wall-Mounted Unit 


The Clinac 4S has all the desirable Clinac 4 
beam characteristics, plus some distinctive 
features of its own: It provides the largest 
field sizes routinely achieved by any com- 
mercially available medical linear acceler- 
ator. Precise set-ups are facilitated by a 
hand-held pendant, which remotely controls 
all collimator and gantry motions — and by 
a wall-mounted digital readout panel that 
displays the significant x-ray head positions. 


Clinac 18 


New Keystone for Radiation 
Therapy Centers 


A high energy photon beam at 10 MV and 
ive electron beam energies from 6 to 18 MeV 
are available from this 100 cm isocentrically 

mounted machine. A 5 MW klystron tube 

powers the unit. A fully achromatic beam 
bending magnet and a gridded electron gun 
assure stability. Dual dosimetry and inde- 
pendent interrogate circuitry are standard 
features of this instrument. Because of these 
clear-cut advantages, the Clinac 18 has been 
adely accepted as the equipment of choice for 
orogressive therapy centers around the world. 




















Clinac 12 


Dual Modality in 
an Economical Package 


Combining the innovative 
design features of the 
Clinac 18 with the proven 
power circuits of the 
Clinac 4, the Clinac 12 
offers dual modality at 
minimum cost. The ma- 
chine features an 8 MV 
photon beam and 6 to 12 
MeV electron beams. 


Clinac 35 


New Opportunities for High 








Varian’s Customer 
Support Program 


Training of Personnel 
Varian’s week-long training course 
in Palo Alto teaches equipment 
operation and much more. Attend- 
ees learn to use the Clinac efficiently 
and to carry out preventive main- 
tenance, trouble shooting and basic 
repair procedures. Varian’s step- 
by-step operation and maintenance 
manuals are comprehensive and 
easy to understand. 


World-Wide Service 


Varian maintains service offices at 
strategic points around the world. 
They are equipped and staffed to 
meet all routine maintenance and 
emergency service needs. A mem- 
ber of our service staff is always 
available to help trouble-shoot a 
problem on the phone or arrive on 
the scene within hours. 


—— 


-_ 
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Users’ Meetings l 
All Clinac owners are in- 
vited to attend and partici- 
pate in periodic Users’ 
Meetings. These seminars, 
which have attracted as 
many as 150 therapists 

and physicists, are a forum 
for exchanging new data and 
techniques on the Clinacs. 


Come Visit Us. 


If you are traveling to California, 
we invite you to visit us. Our staff 
will be pleased to discuss and an- 
swer any questions you might have 
about Clinacs. If you cannot come 
in person, ask our local people to 
visit you, or write for literature on 
any or all Clinac linear accelerators. 
Varian Radiation Division 

611 Hansen Way, Palo Alto, 
California 94303 


varian 


radiation division 








Energy Therapy and Research 


X-ray energies of 10 and 25 MV, plus electron 
energies to over 30 MeV, combine to make the 
Clinac 35 the most powerful medical linear 
accelerator manufactured today. Dose rates up 
to 1200 rads/min. at a meter, and a powerful 
research beam bring new opportunities to the 
field of radiotherapy and high-power research. 


| |_| 
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Treatment Chair 


Designed for reproduc- 
ible patient positioning, 
the treatment chair 
facilitates arc or multi- 
port therapy in head and 
neck cases. The chair 
attaches to Clinac treat- 
ment couches for precise 
motorized control. 


United States offices: Springfield, NJ - 
Philadelphia, PA • Pittsburgh, PA • 
Cincinnati, OH « Fort Lauderdale, FL • 
Atlanta, GA •Ħ Detroit, MI * Chicago, 
IL • St. Louis, MO « Dallas, TX = 

Los Angeles, CA 


For Europe: Varian A.G., Steinhauser- 
strasse, 6300 Zug, Switzerland * Varian 
SPA Ufficio di Roma Via Ravenna 11, 
1-00161 Roma, Italy * Varian Associates 
Ltd., 18 Manor Road, Walton-on- 
Thames, Surrey, England 


For Australia/New Zealand: Varian Pty. 
Ltd., 781 Pacific Highway, Chatswood, 
N.S.W., 2067 Australia 


For Central America: Varian S.A., Fran- 
cisco Petrarca 326, Mexico 5, D.F. 


For South America: Varian Industria e 
Comercio Limitada, Av Dr. Cardoso de 
Mello 1644, Caixa Postal 19010-V. 
Nova Concei & Ao, CEP 04548, Sao 
Paulo — S.P., Brazil 


RAT 1486A 775 125M 


NEGATIVE 
ACHIEVER 


PAKO 14X-2 


X-ray film processor 


dry to dry in two minutes 
staggered rollers eliminate 
streaks/patterns/artifacts 
no special wires; 120v current 
e easy maintenance 
e $4800 — includes two 
replenisher tanks 


For additional information call 
your Pako distributor or us - 
directly. 


pako 


PAKO CORPORATION 


6300 Olson Memorial Highway * Minneapolis, Minnesota 55440 














Some of our diagnostic systems give 
you lighter-than-~air mobility. Lending 
wings to productivity. Others are 

compact. All use advanced engineer- 
Ing techniques and the latest in tech- 


no ogy CGR design flies in the face of 
conformity. 





Our system 
includes you. 









CGR MEDICAL CORPORATION 


CGR CANADA LTEE-LTD. 


PholGamma IV 








Dual Analyzer 





hee 3 Persistence vee 
Vari-Back™ Scope 7 Micro Dot 
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Even as you read this, evolution of the 
Pho/Gamma IV Scintillation Camera 
system goes on. Our product 
development engineers are in daily 
contact with working laboratories 
nationwide. And the Pho/Gamma IV 
is being continuously improved to 
meet your growing, changing needs. 


One result of this effort is 
Pho/Gamma IV’s versatility. Over the 
years, accessory adaptability has 
been expanded so that you can now 
build whole systems around the 
Pho/Gamma IV, with ease unmatched 
by any other manufacturer. You can 
integrate Pho/Gamma IV with units 
such as the Micro Dot Imager, a wide 
range of collimators, photographic 
readout equipment, display and data 





recording systems, and much more. 
Pho/Gamma IV is adaptable to new 
radioisotopes and procedures as 
you need them. 


This evolutionary process is backed 
by extensive clinical verification. For 
example, the Pho/Gamma IV was 
tested for more than twelve 
system-months, in two major 
hospitals, before it was released to 
the profession. When we release 
improvements, you can be sure 
they’re clinically significant. 


Naturally, our continuing improvement 
of instruments is augmented by 
continuing improvement of service. 
As a Searle Instrument custodian, you 
have the world’s largest nuclear 


service force at your beck and call. 
Trained, knowledgeable service is 
just minutes away. 


So if you’re considering a scintillation 
camera today, next month or next 
year, consider the Pho/Gamma IV 
system. It’s continually refined, 
engineered, tested and manufactured 
with your clinical needs in mind. Your 
Searle Representative will give you 
the latest details. 


SEARLE 


Searle Radiographics Inc. 
Subsidiary of G. D. Searle & Co. 
2000 Nuclear Drive 

Des Plaines, Illinois 60018 
312-298-6600 


Offices in principal cities throughout the world 


be continued... 
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The Lunos in 
Hodgkins Disease 


As a rule, when the lungs are involved in Hodgkin's 
disease, so are the mediastinal lymph nodes. Of the 
following examples, all but Case | followed the rule. 


CASE I: When first exam- 
ined, this twenty-year-old 
female had fever and bi- 
lateral cervical adenopa- 
thy. At this time, the roent- 
gen study of her chest 
revealed no abnormali- 
ties. Three months later, 
however, both lungs re- 
vealed changes without 
mediastinal or hilar ade- 
nopathy. 


FIG. A: 

A segment of the right 
hemithorax taken from 
this patient's original 
chest examination re- 
veals no abnormalities. 


FIG. B: 

The same segment of 
the right hemithorax (as 
demonstrated in Fig. A) 
three months later. Inter- 
stitial and vascular 
changes are dramatic. 


CASE Il: A nineteen-year-old male 
with chills, fever, inguinal adenopathy 
and weight loss. 

It is not difficult to imagine that the 
infiltrates seen in Case | might have 
eventually developed a similar degree 
of parenchymal, mediastinal and pleu- 
ral involvement (arrows). 


Radiographs and caption material from the American Col- 
lege of Radiology—An Atlas of Tumor Radiology—-Year- 
book Medical Publishers, Inc. Reprints of this and subse- 
quent reports available upon request. Please write 
Eastman Kodak Company, Dept. 740B, Radiography Mar- 
kets Division, Rochester, New York 14650. 
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ness. The original chest radiograph, Fig. A, reveal 
mediastinal adenopathy, hilar adenopathy, plus ear 
bilateral parenchymal invasion. 

Six months later, Fig. B, following radiation therar 
and chemotherapy, the right hemithorax reveals pë 
gressive disease with pleural involvement (arrow 
The left hemithorax seems somewhat improved. 


- IV: A twenty-four-year-old female who suddenly 
oped chills, fever, and rusty sputum. Whereas usu- 
lung mass associated with hilar and mediastinal 
pathy of the type seen in Fig. A suggest broncho- f 
carcinoma, this patient’s age and history favored | 
e acute process. The shaggy and irregular superior 
n of the mass, the bronchial distortion and small 
wammes demonstrated by body section radiography Fig. B, 
steworthy. This proved to be Hodgkin’s disease. 


— Diagnoses of lung problems like these—or any other patient prc 
—_ lem—can be capably supported or strengthened by quality rali 


ography, using your skills and high-quality x-ray products. 

At the left is the Kodak RP X-Omat processor, model M7A. Tt 
processor that’s designed for economy, convenience, and qui@® 
access to quality radiographs. 
| What’s new is: it runs on cold water. You don’t need a he 

~ water supply or special mixing valve. It helps save energy, c 

water heating costs, and deliver high-quality, ready-to-read ra 
ographs in 2⁄2 minutes. Consistently. 

Kodak also offers a wide choice of films for your specific neec 
—automatically processable. And the durable Kodak X-Omatf 
cassette that provides intimate screen-film contact 
for a high-quality image. 

= Ask your Kodak Technical Sales Representative 
mee for further information. Or consult your medical x-ray 
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“In diagnostic 
radiology, f 
the goal is to 
obtain the 
desired information- 
using the 
smallest radiation 
exposure 
that is practical.” 


rom. A-ray examination: 1) gue to Q 7 Practice 
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The key was two technological innovations: (1) intensi- 
į fying screens based on rare earth phosphors which ab- 
f# sorb more X-rays and emit more light photons when 
exposed to X-rays than conventional calcium tungstate 
screens, and (2) high quality orthochromatic medical 
X-ray films matched to the emission characteristics of the 
new intensifying screens. The combination results in ex- 
posure reductions as much as four times greater than what 
is achievable with conventional high-speed screens 


. Humanitarian aspects 

| The benefits to patients, personnel, present and future gen- 

erations are evident. And...worth repeating...levels of ioniz- 
ing radiation can be significantly reduced with absolutely no 
loss in diagnostic information 


What does it cost? 

Less than you might expect. Rare earth phosphors are 
expensive and the intensifying screens do cost more 
But installation of the Trimax System calls for no major 
expenditures. In fact, it might save money by increas 

ing the efficiency of existing equipment 


Trimax 
Rare Earth S jstems 


HOTOGRAP} PRODUC! > DIVISK 
Bea ‘anter. St ay i| te nesota 55101 


repared by the Amer in College of Radiol ay. with 
Ne assistance of the Publ Healin oervice ind with 


he cooperation of The American Medical Association 


Diagnostic X-ray procedures are among 
‘he most valuable tools of modern medicine. | 
-owever, as in many other medical procedures, 
ahere is an element of risk in human exposure 
to ionizing radiation 

Led by the American College of Radiology. 
public health agencies, organized medical groups 
and the commercial sector have for many years 
Sooperated in programs to improve X-ray perform- 
ance and at the same time reduce unnecessary 
2xposure 


The key: more efficient use of radiation 
The Trimax Rare Earth Imaging System is the 3M Com- 
pany s response to this need. The Trimax System permits 
more efficient use of radiation: more information from the 
same amount of radiation or the same amount of informa- 
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3M Canada Ltd 
PO Box 5757 London NI 1471 


3M Eur peSA iY] 
Av des Arts 53/54. 1040 Brussels. Belgium COMPANY 
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PHOSPHOTEC ™ 
Technetium 893m-Stannous Pyrophosphate Kit 


For preparation cof PMO To- Srana Pyr coeetteomaert teeter COrrigrt » 
Por Dore raino 
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Use witun 1S hours alter tetretineg with ~= Fe atore Solution between F ard om’ « 
After labeling with =m To. administer intravencausty 

Store between 2° and 6° © in dry torm 
Caution NEW DAWG Lirreitec by Uirviterct Titmten iaw to inrverstigeaticry a! wee 
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Technetium 99m-Stannous Pyrophosphate Kit 


20.9 


(ratio of Pyrophosphate 
to Stannous Tin) 





SQUIBB QUALITY —THE PRICELESS INGREDIENT SQUIBB HOSPITAL omsion 


Medotopes © 
Unlike many companies involved in nuclear medicine, Squibb is E.R. Squibb & Sons, Inc. 
also a broad line pharmaceutical house . . . and has been for over PO. Box 4000 
a century. So when it comes to formulation and quality control Princeton. N.J. 08540 


procedures, we wrote the book. Consider that before you pur- 


chase any radiopharmaceutical. At Squibb, quality is a way of life. ©1975 E.R. Squibb & Sons, Inc. H605-505 > 





Cranio-caudal capability: 
on Philips Cardio Diagnost, 
its morethan just _ 
another interesting view. 


In certain cases, the cranio-caudal(or half- Plus all the features that have established the 


axial) projectióñimproves visualization of Cardio Diagnostas a preferred system in 
Cardiac anatomy. cihefluorograpħicangiograpħy-:>suchas: 


For examplėċthe-cranið-caudal view of the — Fixed focus-image intensifier distance for 

left-main:coronary.artery Clearly separates precise collimation: 

the proximäldivisionál branches. In other —Ease of scanning—in any patient plane and 

SHAT wr er re better ce tod 5 as the close to the chest wall This permits a narrow 
BURSERCOBEUSION. OF Obtain data to beam technique that reduces:X-ray scatter to 

support orsubstantiate evidence given by the operator and in the image. 


other Projections. ai | SR i 

' nei , — The U-arm. It-rotates tube and intensifier in 
That swhat the Cardio Diagnost's new fixed relationship around the patient, leaving 
cranio-capability offers you: another valuable him comfortably statiońàry. 


diâgñostic tool. 
—Superior image quality and information with 


the minimum amount of radiation. 


— A better, more comfórtable working environ= 
ment for you because the entire examination 
can be performed from one fixed point. 





S an excellent 
Magnostic tool. 
And its easily added 
o every Cardio Diagnost! 


ow did we add cranio-caudal capability to 

e Cardio Diagnost? We just modified our 
obile examination table to lock easily into a 
2wW pivoting service base. Now the table can 

> angled left or right. .. effortlessly, of course!) 


ilips: we never stop looking for a better way. 


rite for additional information. 


MILIPS MEDICAL SYSTEMS, INC. 


0 Bridgeport Avenue, Shelton, Conn. 06484 D fi j L f E ® 
l- (203) 929-7311 


® IMN’V: Philips of Holland 





and Medica! Record Cabinets 


Hanley S Saver 
are fey, Spare in most hospitals in America. 
Top quality ane low pros is the reason 


compartment with doo doore—$199.50 
: compartment less doors—$171.50 


Brochure F.O.B. Factory 
AMERICA'S LARGEST DISTRIBUTOR OF X-RAY CABINETS 


HANLEY MEDICAL EQUIPMENT CO. 


6614 South Grand X-Ray Division St. Louis, Mo. 6311! 


In reply to advertisers please mention 


that you saw their advertisement in 


THE AMERICAN JOURNAL OF 


ROENTGENOLOGY, 


RADIUM THERAPY 
AND NUCLEAR MEDICINE 


CHARLES C THOMAS PUBLISHER 
Springfield - Illinois 


Fit any 2°x2" 
Viewer or Projector 





TYPICAL RELEASES 


LOW BACK PAIN 
by Donald B. Miller, M.D. 


5-11A Mee eRi GGRe & SCIN- 
TIGRAPHIO DI 


5-12C USE 


7-2 


NGS IN 
Te BPREAD OF CANCER 


(Part 1) csccvvrcsesereccus 51 slides $22.00 


te Joka . Turner, M.D. 


OF BRONOHOGRAPHY 
ESTABLISHING THE DIAG- 
NOSIS OF VARIOUS BRON 


aa eee eer Y DISEASES 50 slides $24.00 


Christoforidis, M 


MYELOGRAPHY 

from ecologic. Serv. of Neu- 
AET Inst, Columbia Presb. 
Med. Otr. 


TUMORS & DISEASES OF 
GENITOURINARY TRACT .. 
by Ira H. Lockwood, M.D. 


ORDER DIRECT—Fer other sorties, ask fer cataisg B 


MEDICAL FILM SLIDE DIVISION 


Micro X-Ray Recorder, Inc. 
3755 Weet Lawrence 


Chicago, JII. 60625 312/478-8560 


Seared hema 60 slides $22.00 


po everrnene 50 slides $20.00 


51 slides $20.00 





you're in business you've probably 
essed w Fh 
But oe mapo im soe fannie 


The National Safety Council 
con help your business save both of 


eee 


saving mai eee valuable 
employees and gaining better 
employes and eee relations Your 


ess 
saving lives and oey. ig co 85%. of 
all traffic accidents are preventable, 
isn’t it worth looking into. 


Sponso r the National Safety 
caer ep 8 Defensive Dri Course 
.. for a better business, all around. 


i — 


Special EA Publle Information 


Jj 


Please send me full details on 
the Defensive Driving Fregram. 


I am interested fer: Myself oraaa 
A eiric organization or alub 
Number of employers 

My company 
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Ordinary PVC film holders 
cloud the image. 
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RADX triacetate film holders 
give you a clear view. 
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RAD film holders give you 








Why obscure your view of Sherry — or your spot 
films and nuclear medicine studies? Since all RADX 
film holders are made of heavy-gauge, high-quality 
triacetate, you get the true picture. No distortion. 
No dirty or scratched films. No chemical reaction 
between film and holders. Spot films are easy 
to insert — and they stay put for instant display or 
easy filing. 


Since RADX holders are manufactured only of high 
quality triacetate material, long-term storage will not 
cause deterioration of your valuable films through 
the chemical reaction caused by the plasticizers 
present in polyvinyl chloride plastic sheets used in 
other film holders. But the big difference is clear, 
easy, distortion-free viewing. 


lear viewing, moximum 
protection Jong term storage 








RADX Film holders are available in: 
35 mm size, 5” x 8” (3 rows of 5 frames) 
70 mm size, 14” x 17” (5 rows of 5 frames) 
and 812" x 1042” (3 rows of 3 frames) 
90 mm size, 14” x 17” (4 rows of 3 frames) 
105 mm size, 14” x 17” (3 rows of 4 frames) 


To make up shorter studies, sheets may be cut be- 
tween the rows with an ordinary pair of scissors. 
RADX film holders are available in 100 sheet 
cartons or 500 sheet cases. 


See for yourself. Call or write RADX for free 
sample — just tell us your film size. RADX 
713/468-9628. 


P.O. BOX 19164, HOUSTON, TEXAS 77024 
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execute these campaigns. 
Television/radio J” 
networks and local 
stations, news- 
papers, business 
publications, 
consumer maga- 
zines, outdoor and 
transit media make their t , 
mark. By donating the space it takes to run them 


The symbol you see in 
the center of this page is the 
new mark of The Advertising 
Council. 

It was made to identify the 

ut my public 
| service ad- 
vertising 
campaigns 
provided to 















scores of worthwhile or- —_ on the air and in 
ganizations. print. 
mane | Through these Ad- Concerned 
wee vertisingCoun- , corporations make 


their mark. By do- 
M nating the cash con- 

tributions it takes 
for The Advertising Council to coordinate all 
these resources and focus them where they are 


cilcampaigns, the menand women of the | 
American business and communications £ 
Te : a community f 


$ 


| are working 











Puy tiS Slings Bonds $ 


ie ; : % 
a rainy day. mark oni most urgently needed. 
J America's{ In short, every time The Advertising Council 
= future. D stamps its new mark on public service advertising, 


Creative and marketing experts at adver- a lot of people make their mark. 
tising agencies make their , ~~ aay : aa TRE) And that mark counts 
mark. By donating the serv- for a lot. 


ices it takes to plan and 
A Public Service of 

This Magazine & A 

The Advertising Council 
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CHARLES C THOMAS + PUBLISHER 


THE FUNDAMENTALS OF X-RAY AND RA- 
DIUM PHYSICS (Sth Ed., 4th Ptg.) by Joseph 
Selman, Univ. of Texas, Tyler. New sections have 
been added covering solid state rectification: 
newer types of mobile apparatus, such as battery- 
operated, capacitator-discharge, and field-emis- 
sion units; special tubes for mammography, using 
molybdenum targets and filters; xeroradiog- 
raphy; and saturable reactor for control of 
filament current. Any student or person in the 
field of radiology, nuclear medicine, or radium 
physics will find this a useful and enlightening 
book on the new concepts and the most recent 
discoveries in this interesting and very important 
field. ’75, 552 pp., 306 il., 16 tables, $12.95 


RADIOASSAY IN CLINICAL MEDICINE edited 
by William T. Newton and Robert M. Donati, 
both of Washington Univ., Saint Louis, Missouri. 
(9 Contributors) The advent of radionuclides that 
can be measured in extremely low chemical con- 
centrations and techniques used to attach them to 
many compounds as trace labels have opened new 
approaches to quantitative study. However, in 
spite of a well-informed public, the editors of this 
volume have the impression that there is lack of ap- 
preciation of both the variety of approaches and 
classes of compounds that can be examined. ’74, 
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administration of 99mTc-macroaggregated albu- 
min and total body scanning with a scintillation 
camera, accurate calculation of right-to-left shunt- 
ing can be achieved without cardiac catheteriza- 
tion. Furthermore, the distribution of pulmonary 
arterial blood flow between the lungs can be deter- 
mined. The procedure is described fully ; steps used 
in performing the examination are outlined; and 
possible pitfalls and sources of error are discussed. 
This information is paramount in importance in 
the evaluation of cyanotic children, especially if 
cardiac surgery is contemplated. ’74, 114 pp., 88 
il., 5 tables, $15.00 
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edited by Fuad Ashkar, August Miale, Jr., and 
William Smoak, all of the Univ. of Miami, Miami, 
Florida. (22 Contributors) A necessity for per- 
sons preparing for the examination of the Ameri- 
can Board of Nuclear Medicine, this book covers 
such topics as interaction of gamma rays with 
matter, control of radiation exposure to man, 
basic mathematics of nuclear medicine, electro- 
lytes and body composition, and essentials of 
rectilinear scanning among many others. ’75, 488 
pp., 312 il, 44 tables, cloth-$22.75, paper- 
$17.50 


ELEMENTS OF RADIATION PROTECTION by 
Ronald V. Scheele and Jack Wakley, both of the 
Univ. of Virginia School of Medicine, Charlottes- 
ville. Information in this textbook includes atom- 
ic structure, ionizing radiation, interaction of 
radiation with matter, sources of radiation expo- 
sure, biological manifestation of radiation expo- 
sure, permissible dose limits, principles of radia- 
tion protection and monitoring devices. Several 
chapters of the book deal with federal perfor- 
mance standards and Atomic Energy Commission 
regulations. The material content and mode of 
presentation are clear and nonmathematical for 
those students who have little background in 
physics and mathematics. ’75, 112 pp., 15 il., 10 
tables, $7.95, paper 


BRONCHIAL CARCINOMA by Thomas W. 
Shields, Northwestern Univ. Medical School, 
Chicago, Illinois. With sections on Immunologic 
Features and Immunotherapy by Roy E. Ritts, 
Jr. In this monograph, the incidence and etiol- 
ogy of the disease are discussed and the patho- 
logic, clinical and roentgenographic features of 
these tumors are presented. The author defines 
the various groups of patients and presents a 
philosophy of their management. Appropriate 
diagnostic studies are emphasized to classify the 
extent of the patient’s disease. The indications 
and contraindications of surgical resection, radi- 
ation therapy, chemotherapy and immuno- 
therapy are outlined. ’74, 200 pp., 48 il., 22 
tables, $12.75 
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full line of medical linear accelerators, reflecting 
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Hysterosalpingogram with Salpix Contrast Medium. 24-hour postinjection x-ray of same patient. 


now you see it now you don't 


With Salpix as your contrast medium, your gynecologic pa- CONTRAST MEDIUM 
tient needn't undergo the 24-hour postinjection x-ray usually 
required with iodized oils. Water-soluble Salpix leaves virtu- 


ally no irritating radiopaque residue to produce foreign-body TRADEMARK 


reactions, yet it provides the viscosity needed for adequate «sch ce contains: 
pr F d q sodium acetrizoate 0.53 g and 


Contraindications: Contraindications to hysterosalpingography include the polwvinylpyrrolidone 0.23 g 
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infection, marked cervical erosion or endocervicitis, and pregnancy. The pro- 

cedure is contraindicated during the immediate pre- or post-menstrual phase. 

Sensitivity Test: If indicated in the patient’s history, an intracutaneous skin test 

or sublingual absorption observation may be done with 0.1 cc Salpix. 

Warning: Not for intravenous use. © ORTHO PHARMACEUTICAL CORPORATION 1970 
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policy of direct sales—from Hunt 
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Hunt processing systems more 
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rising cost of film processing 
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results. 
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package.” Hunt chemical 
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Counting, 


The new computer -controlled clinical RIA Gamma Counting System 





The SKI Automated Gamma System with different isotopes, window set- start the system counting. 
is a unique, new counting system tings, counting methods and data From then on, everything is under 
designed for unattended, trouble-free reduction procedures. computer control. Isotope selection, 
operations in the clinical laboratory. Only one set-up procedure is needed. window settings, counting times, etc., 
All assay parameters are under the In just minutes, a Technologist can load are automatically reset between assays. 
control of a dedicated, pre-programmed up to 200 background, standard and If desired, the computer will even 
microcomputer module. The system sample tubes in the Sample Changer compute standard curves for each assay 
performs batch multiple assays—each Module, enter test instructions and method and print the curves along 


1.Load the Automatic 2.Enter the assay 
Sample Changer. parameters. — 


Each convenient rack holds ten background, 
standard or sample tubes, making it 

easy to load the Sample Changer 
Module. The changer holds up 

to 20 racks (200 tubes) at a 
time. The modular design 
of the system provides such 
flexibility that additional 
sample changers may be 
added to increase capacity 
to 400 or even 1600 tubes. 





All instructions are entered through the Computer 
Module keyboard or lighted push buttons. 
Instructions are given in response to questions 
asked by the Computer Module’s built-in alpha- 
numeric printer and backlighted display panel. Inap- 
propriate instructions are automatically detected, 
giving the operator a chance to make corrections 
before assays are run. Completed instruction 
sequences may be listed or edited before starting. 








Made 


from SKI gives final answers in medically useful units-automatically. 


with final assay results on permanent 
paper tapes. But the system is 
flexible. Automatic operation may be 
interrupted at any point for a stat 
procedure or to enter instructions for 
additional tests. 

Perhaps more important, there’s 
` never a need to spend time plotting 


3.Examine the 
results. 





data against a hand-drawn standard Now, virtually any laboratory can enjoy 
curve. The computer automatically gives the speed and flexibility of a fully auto- 
answers the way you want them—in mated gamma counting system. 
final form. 

The SKI Automated Gamma S Smith Kline Instruments, Inc. 
System’s compact, modular design takes 14 880 West Maude Ave» Sunnyvale, CA 94088 » (408) 732-8000 
up little precious laboratory space. GK] Australia, Austria, Canada & U.K 


Almost any table or benchtop will do. 


CO Please send details about The Gamma System. 
O Please have a representative call for an 


The SKI Automated Gamma System gives results 
with or without automatic background subtraction 
in any of four different forms: (1) concentration 
derived from an automatically computed standard 
curve, (2) counts per minute at preset count, 

(3) counts per minute at preset time, or (4) ratio 
between standard and sample. In all cases, assay 
data, sample I.D. numbers 
and a summary of test 
parameters are 
printed on easy- to- 
file permanent 

paper tape. 













appointment. 


O Wed like a demonstration of The Gamma 
System at no expense or obligation to us. 


Name Department 
Address 
City State Zip y 
Telephone: Area code, number, extension a 
Smith Kline Instruments, Inc. 
880 West Maude Ave. » Sunnyvale, CA 94086 + pe 732-6000 
A Subsidiary of SmithKline Corporati 











In One Minute a Load-A-Mat’ 
unloads and reloads this many cassettes.. 





while delivering four radiographs 





to the processor. 


In 15 seconds, the RADX Load-A-Mat can unload and comes out of the processor. You're no longer troubled 
reload an X-ray cassette automatically. And in broad with artifacts, fogging, static or double exposures. No 
daylight! It attaches directly to your film processor, ruined screens either, And the Load-A-Mat lets your 
so that radiographs are ready for viewing in only two processor operate steadily for hours at full capacity. 
minutes, Think w hat this means... no dar kroom tie Two Load-A-Mat models handle four sizes of either 
ups. No passboxes, Greater efficiency. Fewer errors. KODAK X-OMATIC Cassettes or the new LOAD-A- 
More patient processing. MATIC Cassettes available with your choice of medium, 
The remarkable Load-A-Mat accepts four sizes of fresh high speed or super high speed screens. Realize the 
film in separate light-tight portable magazines. Each kind of savings in time and money a Load-A-Mat can 
stores 200 sheets of standard film furnished by the bring to your “radiology operations. 
manufacturer of your choice. Once bulk-loaded into Call or write RADX; P.O. Box 19164, Houston, Texas 
the magazines, the film remains untouched until it 77024, 713/468-9628. 
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SRAGRAFIN® 


~ALCIUM GRANULES 


DESCRIPTION 

Jragrafin Calcium Granules (Calcium Ipodate 

or Oral Suspension N.F.) and Oragrafin Sodium 

Capsules (Sodium Ipodate Capsules N.F.) are 

oral radiopaque media for cholangiography and 

cholecystography. Calcium ipodate is available 

n single-dose foil packets providing 3 g. 

calcium ipodate as granules dispersed in 
Mlavored sucrose. When mixed with water, the 
wgranules produce a pleasantly-flavored 
"suspension. Sodium ipodate is available in 
capsules providing 500 mg. sodium ipodate per 
capsule. 

The organically bound iodine content of 

wcalcium ipodate and sodium ipodate is 61.7% 
wand 61.4%, respectively. 


ACTIONS 

"Calcium ipodate and sodium ipodate are 
absorbed from the gastrointestinal tract, 
excreted by the liver into the bile, and stored 
and concentrated in the gallbladder. The 
calcium salt, which is absorbed somewhat faster 
than the sodium salt, appears in the ducts as 
early as 30 minutes after ingestion. Optimal 
concentration of either salt in the hepatic and 
biliary ducts occurs within 1 to 3 hours after 
ingestion in nearly all cases; rarely, maximal 
opacification may be delayed for as much as 5 
hours. Adequate opacification of the ducts 
usually persists for about 45 minutes. The ducts 
may be visualized in patients who have 
undergone cholecystectomy. 

The gallbladder is optimally opacified 
approximately 10 hours after ingestion of either 
salt. Diagnostically adequate filling, however, 
often takes place within 5 hours or less after 
ingestion, particularly with the calcium salt. 
Thus, studies of ducts and gallbladder may be 
carried out in as little as 5 hours when 
necessary or desirable. In this connection, it 
should be pointed out that both salts have been 
administered to unprepared patients as well as 
to previously prepared patients, with no 
significant difference in results. 


INDICATIONS 

Calcium ipodate and sodium ipodate are 
indicated for cholecystography. They may also 
be used for cholangiography, although they are 
not considered the drugs of choice. 


CONTRAINDICATIONS 
Both preparations are contraindicated in 
persons who are hypersensitive to ipodate salts. 


WARNINGS 

A history of sensitivity to iodine per se or to 
other iodinated compounds is not an absolute 
contraindication to the use of these 
preparations, but calls for extreme caution in 
administration. 


Usage in Pregnancy 

The safety of these preparations for use during 
pregnancy has not been established; therefore, 
they should be used in pregnant patients only 
when, in the judgment of the physician, their use 
is deemed essential to the welfare of the patient. 


PRECAUTIONS 

Increasing the dosage above that 
recommended increases the possibility of 
hypotension. 

Anuria may result when these preparations 
are administered to patients with combined 
renal and hepatic disease or severe renal 
impairment. 

Renal toxicity has been reported in a few 
patients with liver dysfunction who were given 
oral cholecystographic agents followed by 
urographic agents. Administration of urographic 
agents should therefore be postponed in any 
patient with a known or suspected hepatic or 
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ORAGRAFIN® 


SODIUM CAPSULES 
~alcium Ipodate for Oral Suspension N.F. Sodium lpodate Capsules N.F. 


biliary disorder who has recently taken a 
cholecystographic contrast agent. 

Gastrointestinal disorders which interfere with 
absorption and liver disorders which interfere 
with excretion may result in non-visualization of 
the hepatic and biliary ducts and the 
gallbladder. 

Contrast agents may interfere with some 
chemical determinations made on urine 
specimens; therefore, urine should be collected 
before administration of the contrast media or 
two or more days afterwards. 

Thyroid function tests, if indicated, should be 
performed prior to the administration of these 
preparations since iodine containing contrast 
agents may alter the results of these tests. 


ADVERSE REACTIONS 
Sodium ipodate and calcium ipodate are usually 
well tolerated. Unwanted effects such as mild 
and transient nausea, vomiting, or diarrhea 
sometimes occur but the incidence can be 
reduced by restricting the dosage to 3 g. and 
administering only the Granules to patients who 
may be prone to gastrointestinal reactions. 
Headache, dysuria, or abdominal pains may 
occur infrequently as transient disturbances. 
Hypersensitivity reactions may include 
urticaria, serum sickness-like reactions (fever, 
rash, arthralgia), other skin rashes, and, rarely, 
anaphylactoid shock. They are more likely to 
occur in individuals with a history of allergy, 
asthma, hay fever, or urticaria, and in those who 
have previously demonstrated hypersensitivity 
to iodine compounds. 


DOSAGE AND ADMINISTRATION 

The Capsules should be taken with as little 
water as possible. They may be swallowed in 
rapid succession or slowly over the course of 2 
hour or more, depending on patient preference. 

The Granules should be stirred vigorously into 
a small amount of water (4 glass or less) and 
swallowed immediately. If lukewarm rather than 
cold water is used, the patient will find the 
suspension quite palatable and there will be less 
likelihood of nausea. 

A total dose of 6 g. (12 Capsules or 2 packets 
of Granules) per 24 hour period should not be 
exceeded. 

When an upper gastrointestinal barium study 
is scheduled, prior administration of either salt 
will not interfere. Either salt may also be used in 
conjunction with an intravenous 
cholangiographic agent. 

The recommended dosage and patient 
preparation for cholangiography and/or 
cholecystography are as follows: 


Routine Cholecystography 

On the day before the examination, the patient 
may, if feasible, eat a high-fat lunch so that the 
gallbladder will evacuate and refill with opacified 
bile. The evening meal, which should be light 
and fat-free, should be eaten 2 hours before the 
contrast medium is taken. The contrast agent 
should be administered 10 to 12 hours before 
the roentgenologic examination. The usual dose 
is 6 Capsules (providing 3 g. sodium ipodate), 
although up to 12 Capsules may be given; 1 to 2 
packets of Granules may be used instead. No 
other food or drink except small amounts of 
water should be taken before the examination. A 
mild laxative or other cathartic may be given, 
but is not generally necessary. 

Roentgenologic examination of the 
gallbladder is performed the next morning in the 
usual manner, employing the standard 
positions. An immediate study of the wet films 
will determine any need for repositioning of the 
patient. Administration of a fat meal or other 
cholecystokinetic agent provides good dynamic 
studies of gallbladder function. If a barium meal 
examination is also to be performed, the fat 


meal may be given simultaneously with or 
following the barium meal. Gallbladder function 
studies are then made after the barium meal 
examination is completed. 


Cholangiography 

No prior preparation of the patient is necessary. 
For this procedure, the Granules should be 
used. They are administered one hour before 
cholangiography. Although only one packet 
(providing 3 g. calcium ipodate) may suffice, two 
packets (6 g.) are usually necessary for 
visualization of the ducts. 

Beginning one hour after ingestion of the 
Granules, and at 15-minute intervals thereafter, 
films should be taken, preferably with the aid of 
tomography or laminography. With proper 
positioning of the patient, residual contrast 
medium in the gastrointestinal tract is not likely 
to be a problem, particularly with the more 
rapidly absorbed calcium salt. Optimal 
visualization of the ducts is generally achieved 
between 1 and 2’ hours after ingestion of the 
medium. 


Combined Cholangiography and 
Cholecystography 

Preparation of the patient and administration of 
dosage should be as outlined under Routine 
Cholecystography, with a dosage of 6 Capsules 
or, if preferred, one packet of Granules taken on 
the evening before examination. On the 
following morning, one hour before the 
examination, one additional packet of Granules 
should be administered. 

Beginning one hour after the morning dose, 
and at 15-minute intervals thereafter, films 
should be made, preferably with the use of 
tomography or laminography. While the 
gallbladder will have concentrated the evening 
dose of the medium, the additional morning 
dose will provide opacification of the ducts, and 
simultaneous visualization may be achieved. 
When satisfactory films have been obtained, a 
fat meal may be administered to provide 
gallbladder function studies. 


Rapid Combined Cholangiography and 
Cholecystography 

No prior preparation of the patient is necessary. 
On the day of examination, the patient should be 
given two packets of Granules. Beginning one 
hour later, examination of the ducts should be 
performed as described under 
Cholangiography. If the gallbladder has not 
opacified sufficiently by the time the 
cholangiographic examination is completed, 
further cholecystograms may be taken after 2 or 
3 hours. Dynamic studies of gallbladder function 
may be carried out in the usual manner. 


HOW SUPPLIED 

Oragrafin Calcium Granules (Calcium Ipodate 
for Oral Suspension N.F.), single-dose foil 
packets; boxes of 25 packets (3 g. calcium 
ipodate per packet). Oragrafin Sodium Capsules 
(Sodium Ipodate Capsules N.F.), boxes of 25 
vials (6 capsules each vial); bottles of 100; and 
Unimatic" single-dose packages of 100. 
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is Clear 





Is this a coin lesion? 
Or something else. 


Diagnostic Radiology 


University of Kentucky Medical Center, Department of 


(See TN page xxvii) 
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1O your present x-ray roo 


achlett’s IRIS 100 system is a 
ound investment — both for the 
liagnostician and for the hospital — 
because it provides the most modern 
elevision fluoroscopy/spotfilming 
apabilities without the need for buy- 

g a whole new x-ray room. By im- 
proving the radiologists productivity, 
noreover, IRIS 100 enables him to 
pply his much needed skills to a 
sreater patient load. 


hile its cost is attractive, the real 
easons for selecting IRIS 100 for 
our x-ray room are far more impor- 
ant: 


Image Sharpness Machlett’s 
Cesium lodide Image Intensifier tube 
with its three focusing grids assures 
bright, sharp images both on film and 
on the television screen. 


Short F-R-F Time Machlett’s ‘‘slid- 
ing mirror’ image distributor lets you 
quietly shift from fluoroscopy to spot 
radiography and back to fluoroscopy 
in less than one second. 


Rapid Filming The Old Delft 
‘““Anodica’’ camera takes 100mm 
films singly or sequentially at 1- 
per-second or 2-per-second rates. 
Exposures are short enough to freeze 
peristaltic motion. Phototiming as- 
sures uniform film densities. 


Human-Engineered Controls Con- 
trols are conveniently placed and de- 
signed for operation with gloved 
hands. Warning lights and interlocks 
eliminate such human errors as ex- 
posure without film. 


Positive Patient ID The 100m 
camera will not operate without t 
patient identification card in place 
Film is identified at the time it is e 
posed. 


For the whole story on IRIS 10( 
contact your x-ray equipment dealg 
or 


Machlett Laboratories, Incorporat 
A Raytheon Company 


1063 Hope Street 
Stamford, Connecticut 06907 
(203) 348-7511 


ea 


See the IRIS 100 in Machlett’s boot 
at the RSNA Meeting. 








Tough all over 





New Halsey Comp-I-Sette I from USR 


Let’s face it. An X-ray cassette takes a beating. You stack them, 
load them, unload them, shuffle them, sort them. The going is really tough. 


So, for maximum durability, the new Halsey Comp-I-Sette I has an 
exclusive epoxy finish, electrostatically applied. 


The Comp-I-Sette I is truly the Premium Cassette at Standard Price. 


e Versatile—compatible with new automatic 
film loading system as well as manual handling. 


® Less induced static electricity—film drops 
in flat, without sliding. 


e Meets international size standards. 


You won't have a tough time getting more information from your dealer. 


United States Radium Corporation, 1425-37th Street, Brooklyn, N.Y. 11218. 


USR 


Products that work together for you 








Fleet® Barium Ener 
Prep Kit No. 1 cont. 


1% oz of Fleet 
Phosphoa-Soda, 
buffered saline laxa 
to stimulate the sm 
intestine; 

four Fleet® Bisacod 
Tablets, contact la» 
for colon stimulatic 
one Fleet® Bisacod: 
Suppository, contac 
laxative for final 
evacuation prior to 
examination. 


Fleet® Barium Enen 
Prep Kit No. 2 conté 


1¥2 oz of Fleet* 
Phosphow#-Soda; 
four Fleet® Bisacod 
Tablets; 

one Fleet® Bagener 
a large-volume disp 
able enema for fina 
evacuation prior to 
examination. 








‘nema Prep Kits 
learer x-rays, and fewer retakes 


The all-new Fleet Barium 
EnemaPrep Kits are com- 
plete prepping systems 
that assure thorough and 
reliable colon cleansing 
prior to a barium enema 
exam. 


| | With effective and 
balanced methods of 
prepping 

Utilizing a combination of 
diet, hydration, and evacu- 
ation, the Fleet Barium 
Enema Prep Kits meet all 
the criteria for preparing 
the colon for examination 
as recommended by the 
American College of Radi- 
ology Ad Hoc Committee 
on Detection of Cancer of 
the Colon." 


| | Available in two 
convenient forms 

There are two Fleet Barium 
Enema Prep Kits, so that 
now you have the option of 
choosing the final step that 
you prefer—enema or 
suppository. 


|] With easy-to-follow 
instructions 

Each Fleet Barium Enema 
Prep Kit supplies clearly 
written, concise instruction 
sheets for easy, dependable 
administration by the nurses 
inthe ward or by your patient 
at home. Check-off boxes 
ensure completion of each 
step. 





C] With a flexible 
time-table 

The Fleet Barium Enema 
Prep Kits also offer three 
convenient time schedules 
—12, 18, or 24 hours. So 
now, you Can tailor the 
prepping to fit better into 
your schedule and your 
patient’s routine. 


“In my experience across 
the country, talking to 
technicians and doctors, 
... the greatest defect in 
colon examinations, ...is 
in the preparation of the 
colon.’’2 


For better colon preparation 
and fewer repeat examina- 
tions, use Fleet Barium 
Enema Prep Kits routinely 
—as your prepping agent of 
choice in the Radiology 
Department and on an 
outpatient basis. 


References: 

1. Detection of Colon Lesions, 
First Standardization Con- 
ference, Amer. College of 
Radiology, (Chicago, Ill., 1973), 
pp. 203-204. 

2. Ibid, p. 76. 


Fleet C. B. Fleet Co., Inc. 
Lynchburg, Va., 24505 
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Dual Analyzer 






Persistence 


Vari-Back™ Scope Micro Dot 


Imager 





Even as you read this, evolution of the 
Pho/Gamma IV Scintillation Camera 
system goes on. Our product 
development engineers are in daily 
contact with working laboratories 
nationwide. And the Pho/Gamma IV 
is being continuously improved to 
meet your growing, changing needs. 


One result of this effort is 
Pho/Gamma IV’s versatility. Over the 
years, accessory adaptability has 
been expanded so that you can now 
build whole systems around the 
Pho/Gamma IV, with ease unmatched 
by any other manufacturer. You can 
integrate Pho/Gamma IV with units 
such as the Micro Dot Imager, a wide 
range of collimators, photographic 
readout equipment, display and data 


recording systems, and much more. 
Pho/Gamma IV is adaptable to new 
radioisotopes and procedures as 
you need them. 


This evolutionary process is backed 
by extensive clinical verification. For 
example, the Pho/Gamma IV was 
tested for more than twelve 
system-months, in two major 
hospitals, before it was released to 
the profession. When we release 
improvements, you can be sure 
they’re clinically significant. 


Naturally, our continuing improvement 
of instruments is augmented by 
continuing improvement of service. 
As a Searle Instrument custodian, you 
have the world’s largest nuclear 





service force at your beck and call. 
Trained, knowledgeable service is 
just minutes away. 


So if you’re considering a scintillation 
camera today, next month or next 
year, consider the Pho/Gamma IV 
system. It’s continually refined, 
engineered, tested and manufactured 
with your clinical needs in mind. Your 
Searle Representative will give you 
the latest details. 


SEARLE 


Searle Radiographics Inc. 
Subsidiary of G. D. Searle & Co. 
2000 Nuclear Drive 

Des Plaines, Illinois 60018 
312-298-6600 


Offices in principal cities throughout the world 
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Personal involvement gives added valu 








"Weve developed the 
Lo-dose Mammography 
System that reduces 
patient exposure over 85% 
and still delivers excellent 
diagnostic clarity,’ 


Left to right: 


Bernard J. Ostrum, M 
Chairman of Departm 
of Diagnosis, Albert 
Einstein Medical Cent 
Philadelphia. 


R. E. Wayrynen, PhD. 
X-ray Technical Mana 
Du Pont Company. 


Harold J. Isard, M.D., 
Chairman of Division 
of Radiology, Albert 
Einstein Medical Cent 
Philadelphia. 





In the late 1960's, Drs. Isard and Ostrum were lookinc 
for a better way to perform mammography —one with lower 
patient risk than conventional systems. They came to Du Pon 
for help. 

Working with them, R. E. Wayrynen, Du Pont’s X-ray 
Technical Manager, and the Du Pont research team develope 
the first film-screen system designed specifically for examinin 
the breast. 

Compared with conventional procedures, the Du Pont 
Lo-dose Mammography System allows you to reduce patient 
exposure over 85%. This means exposure times can be cut fre 
about 6 seconds to less than 1 second, thereby reducing moti 
unsharpness which can blur detail. 

At the same time, the Lo-dose System delivers excelle 
image quality. Low-density contrast facilitates visualization of 
soft tissue structures having ill-defined edges. You also can 
detect microcalcifications as small as 0.1 mm. 

Find out today why hundreds of hospitals are turning ‘ 
the convenient, reliable Lo-dose System. Contact your Du Po 
Technical Representative or write Du Pont Company, Room 
24529, Wilmington, Delaware 19898 for a free brochure. 

It's all part of Du Pont’s commitment: personal 
involvement and quality in everything we do and sell. 


aU PINT MEDICAL XRAY 


Hanley Space Saver X-Ray and Medical Record Cabinets 
are installed in most hospitals in America. 


Top quality and low price is the reason. 
5 compartment with doors—$199.50 
5 compartment less doors—$171.50 
Brochure F.O.B. Factory 


AMERICA'S LARGEST DISTRIBUTOR OF X-RAY CABINETS 


HANLEY MEDICAL EQUIPMENT CO. 
5614 South Grand X-Ray Division St. Louis, Mo. 63111 


In reply to advertisers please mention 


that you saw their advertisement in 


THE AMERICAN JOURNAL OF 
ROENTGENOLOGY, 
RADIUM THERAPY 


AND NUCLEAR MEDICINE 


CHARLES C THOMAS PUBLISHER 
Springfield - Illinois 


Bind Your 
Journal Issues 
Into Valuable 

Vigilant Volumes 


Pertinent information you sometimes desperately need is too often 
in the Journal issue you cannot find. Single copies have a way of 
getting lost, misplaced or destroyed. It is better for you to let us 
permanently bind each journal into semi-annual or annual volumes 
—then your reference source is always complete, organized and 
instantly at your service. We call them "Vigilant Volumes''; they 
so carefully store and provide on instant notice so much knowl- 
edge of timely value. 





The cost per "Vigilant Volume," by official commission from the 
journal publishers is but $5.95 per volume, permanently hard bound 
in washable buckram, gold embossed with period dates, journal 
name and special insignia—plus your name stamped in gold leaf. 
"Vigilant Volumes" are handsome library additions too, real con- 
versation pieces. These volumes are bound in the authorized colors. 


HOW TO ORDER 
Simply ship your journal issues to us via parcel post, together with 
your name, address, AND REMITTANCE, at $5.95 per volume. 
Within 45 days after receipt, bound volumes will be shipped to you. 
Price subject to change without notice. Please remit 50¢ per volume 
for return transportation and handling. 


PUBLISHER'S AUTHORIZED 
BINDERY SERVICE, Ltd. 


(Authorized Binders of All Journals) 
4440 W. Roosevelt Rd. 
Chicago, Illinois 60624 























PHOSPHOTEC® 

Technetium 99m-Stannous Pyrophosphate Kit 
Phosphotec provides all the nonradioactive com- 
ponents required to prepare 99MTc-stannous pyro- 
phosphate complex. Each vial contains a sterile, 
nonpyrogenic lyophilized powder prepared from 
40 mg. tetrasodium pyrophosphate decahydrate 
(equivalent to 23.9 mg. tetrasodium pyrophospnate) 
and 1.0 mg. stannous fluoride; pH is adjusted with 
sodium hydroxide or hydrochloric acid. The prod- 
uct does not contain a preservative. At the time of 
manufacture, the air in the vials is replaced by 
nitrogen. 

Reconstitution of Phosphotec with sterile sodium 
pertechnetate-99™Tc results in an aqueous solution 
of Technetium 99m-Stannous Pyrophosphate Com- 
plex. 


INDICATIONS: Technetium 99m-Stannous Pyro- 
phosphate Complex is indicated for use as a bone 
imaging agent to define areas of altered blood flow 
in osseous tissues. 


CONTRAINDICATIONS: At present. there are 
no known contraindications to the use of 99™Tc- 
stannous pyrophosphate complex. 


WARNINGS: The contents of the Phosphotec 
(Technetium 99m-Stannous Pyrophosphate Kit) vial 
are intended only for use in the preparation of 
99MTc-stannous pyrophosphate complex and are 


NOT to be directly injected into a patient 
prior to labeling. 

Phosphotec (Technetium 99m-Stannous Pyro- 
phosphate Kit) is not radioactive. However, after 
99MTc-sodium pertechnetate is added. adequate 
shielding of the resulting preparation must be main- 
tained. 

Radiopharmaceuticals should be used only by 
physicians who are qualified by specific training in 
the safe use and safe handling of radionuclides, 
Produced by nuclear reactor of cyclotron, and 
whose experience and training have been approved 
by the appropriate federal or state agency autho- 
rized to license the use of radionuclides. 

This radiopharmaceutical should not be admin- 
istered to patients who are pregnant or during lac- 
tation unless the information to be gained out- 
weighs the possible potential risks from the radia- 
tion exposure involved. 

Ideally, examinations using radiopharmaceuti- 
cals, especially those elective in nature, of a 
woman of childbearing capability, should be per- 
formed during the first few (approximately 10) days 
following the onset of menses. 


PRECAUTIONS: it is essential that the user fol- 
low the directions carefully and adhere to strict 
aseptic procedures during preparation of the 
product. 

As in the use of any other radioactive material, 
care should be taken to insure minimum radiation 
exposure to the patient consistent with proper 
patient management, and to insure minimum radia- 
tion exposure to occupational workers. 

To minimize visualization of the bladder. the 
patient should be encouraged to void immediately 
prior to the examination; prior hydration of the 
patient may be useful. 

Use the preparation within 12 hours after label- 

ing with 99MTc, 
ADVERSE REACTIONS: At present, adverse 
reactions have not been reported following the 
administration of 99™T¢-stannous pyrophosphate 
complex. 


HOW SUPPLIED: Phosphotec (Technetium 99m- 


Stannous Pyrophosphate Kit) is supplied in a kit 
containing five vials. 


S UIBB’.""° Priceless Ingredient of every product 
is the honor and integrity of its maker.'™ 
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Technetium 39m-Stannous Pyrophosphate Kit 
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PHOSPHOTEC™ 
Technetium 99m-Stannous Pyrophosphate Kit 





Technetium 99m-Stannous Pyrophosphate Kit 


20.5 


(ratio of Pyrophosphate 
to Stannous Tin) 





— _______ Medot © 
SQUIBB QUALITY —THE PRICELESS INGREDIENT SQUIBB HOSPITAL omision om © 


Unlike many companies involved in nuclear medicine, Squibb is E.R. Squibb & Sons. Inc. | 
also a broad line pharmaceutical house... and has been for over PO. Box 4000 


a century. So when it comes to formulation and quality control Princeton. N.J. 08540 j 
H605-505 






procedures, we wrote the book. Consider that before you pur- 
chase any radiopharmaceutical. At Squibb, quality is a way of life ©1975 E R Squibb & Sons, Inc 


AECL’s 


The ultimate in 


ACCURACY 
CONVENIENCE 
RELIABILITY 


and a real 
good looker too! 





Many new features are incorporated in the design 

of AECL’s new universal simulator. Notable 

amongst these is the most advanced control concept 
yet devised, a more rigid structure for increased 
isocentric accuracy, longer variable source 

to axis-of-rotation distance, greater image 


intensifier motions to permit scanning of larger Atomic Energy 

fields, and a treatment planning couch with five a i 

fully motorized motions. of Canada Limited 

To get detailed information on AECL’s new, . 

universal simulator, please write or telephone Commercial Products 


P.O. Box 6300, Station J, Ottawa, 


Something 


else. 








What you see in the radiograph on page xv_ is just a coin placed on the pa- 
tient’s posterior right hemithorax. It does bear a resemblance to the coin lesion 
produced by a benign solitary lesion, perhaps a hamartoma or tuberculoma. 


You naturally suspected “something else” 
rather than a coin lesion: the increased 
opacity of the posterior rib easily places the 
“lesion” behind the rib. 

It is such consistently superior resolu- 
tion which has made GAF® x-ray film the 
“film of choice” for thousands of radiologists 
for over 75 years. 

As America’s oldest manufacturer of 
film, photographic papers and chemicals, 
GAF has helped advance the art of radiog- 
raphy, particularly with increasingly effective 
x-ray film: 

Our HR2000 film for moderate scale 
contrast and minimum base fog is ideal for 
resolving minute lesions and fractures. 

HR3000 film is a high-contrast fine 
grain film well-suited for short exposure an- 
giography. 

And our HR1000 film provides opti- 


mum image and exposure latitude, and long- 
scale contrast. 

Find out also about GAF Liquamat® 
90 all-liquid chemistry. Fast and clean-work- 
ing, it’s also color-coded for quality assurance. 

We've even produced a series of six 
teaching courses (utilizing overhead trans- 
parencies) used in numerous hospitals today. 


Quality. Service. 
Education. 
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See for yourself: ask your local 
GAF x-ray representative to 
demonstrate the consistently 
high quality of GAF products. 
Or, if you wish, write GAF 
Corporation, X-Ray Marketing, 
140 West S5lst Street, New 
York, New York 10020. 


The ideal RF room 
Is the one that best 
meets your needs. 


GE has it! 











Remote. And classical—from basic to the 
most complex systems for radiography and 
fluoroscopy. Each has its place in your 
hospital. And General Electric can put it there. 


But, matching procedural requirements is 
only part of the job of best meeting your 
needs. GE systems match performance 
requirements too. And that’s why we call them 
“preferred” systems. They're available in 
almost every viable component combination 
—each one designed and proven as a system. 


In the classical approach, for example, 

GE capability extends from the simplest 
single-phase system with true binocular 
optical viewing to 3-phase MSI systems with 
Fluoricon 300 imaging and 12 per second 

105 mm photospot recording; photospot 
images can be processed alongside spot films. 


In the remote approach, GE's Telegem® and 
Televix® integrated systems can incorporate a 
Fluoricon® 300 image intensifier—the industry 
leader—with 105 mm camera that covers rapid 
filming needs. The system also permits the 
gamut of routine R&F technics, including rapid 
access tomography. 


Beyond equipment, GE service can meet your 
need for a dependable way to keep procedure 
schedules on schedule. GE technicians are 
strategically located, thoroughly trained and 
professionally concerned about the 
performance of your “preferred” R&F system. 
Another reason why it will pay you to look 

for the commitment behind the equipment. 
Get in touch. 


General Electric Medical Systems, 
Milwaukee, Toronto, Madrid 
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When youinvest ina 





Philips Treatment Planning System, 


thats not all youre buying. 


The Philips Integrated Therapy Programme 
ensures increased efficiency in the modern 
radiotherapy department by having a common 
design philosophy, similarity of operational 
procedures and simplified service. 

The programme embodies maximum 
reliability and patient safety. It incorporates a long- 
term plan providing the clinic and hospital with 
essential equipment for today and the future. 

A unique feature of this programme Is 
the Philips Treatment Planning System: a system 
which adds a new dimension to therapy planning, 

A Treatment Planning System 
with a difference. 

Many hospitals have access to central 
computer services, but for treatment planning 
these services require input terminals and output 
data displays. Waiting time can be considerable. 

In place of these problems, the Philips 
Treatment Planning System ıs a self-contained, 
very compact, dedicated unit which provides the 





radiotherapy staff with immediate visual response 
to input data variations 

It serves for treatment planning with all 
megavoltage therapy units. 





Waiting time is dramatically reduced. 
Flexibility is increased. And accuracy is high. 

The system contains a standard Philips 
minicomputer. Apart from tele-therapy planning, 
free access via a Fortran compiler enables the 
computer to be used for other purposes such as 
intracavity and interstitial treatment calculations. 

The Display. 

The storage oscilloscope provides a display 
as each piece of input information is entered; a hard 
copy can be produced within seconds. 

Three dimensional planning. 

The Treatment Planning System pertorms 
highly accurate calculations which take into 
account the influence of beams in up to nine 
parallel body cross sections. 

Fach plan can be individually displayed 
ind tissue density factors can be introduced. 

The Philips Treatment Planning System 
is just part of the entire programme of specialised 
equipment which also includes linear accelerators, 
cobalt units, localiser/simulator, ortho-voltage 
therapy units and betatron. 

Philips are constantly developing new 
equipment and methods to aid the therapist. 


( 


If you would like to know more about the Philips Integrated Therapy Programme, 
please write to: N.V. Philins Medical Systems, Eindhoven, The Netherlands, 
or The MEL. Equipment Company Ltd., PAD. Manor Royal, Crawley, Sussex, England 
or Philips Medical Systems Inc., PO. Box 848, 710 Bridgeport Avenue, Shelton, Conn. 06484 USA 





PERHAPS YOU DON'T REALIZE HOW 


BADLY YOU NEED THESE MACHINES. 





200 & 300 Don't blame us. We've tried and 

tried to show you how much time 

14 X 17” FILM CAPACITY and work you can save with the 
Motorized Viewer. 


We are now working on our second 


z PUSHBUTTON AUTOMATIC thousand installed machines. So we 


CONTROLLER SELECTOR. must have something right! Now 
it's up to you. Think about it. 


* BUILT-IN FLOATING i 
BRIGHT SPOT AVAILABLE. 























MV300A 





SAVES TIME 


Makes Film Reading Easier. 
Brochures, Dimensions, Prices and Users’ *ELOATING BRIGHT SPOT 


List available on request. Phone or write 


for complete information. A 3⁄2” diameter Moving Spotlight 


built into the machine. Completely 
motorized, the spot can be moved 
MANUFACTURED BY: to any point on the viewer to read 
S. & >. X-RAY PRODUCTS INC. dense areas. Two speeds in both 
horizontal and vertical directions 
permit fast, pinpoint accuracy. 


87-93 JAY STREET, BROOKLYN, N.Y. 11201 
Telephone: 212-852-6900 


SOME OF THE MANY S. & S. ACCESSORIES SOLD BY YOUR LOCAL X-RAY DEALER 








Sakura X-ray 
Intensifying Screens. 


Definition is the difference. & 






Especially effective in the higher voltage ranges, Sakura X-ray intensifying screens offer higher 
contrast over a longer life. The advantages are worth considering. Reduced radiation. 
Minimal loss in resolution. And longer X-ray tube life. 


Featuring improved physical and chemical properties, Sakura X-ray screens demonstrate higher 
surface purity and higher resistance to abrasion. And they are easy to maintain. A plastic coating 
guards against grime, guaranteeing superior performance after years of continual use. 


Sakura X-ray intensifying screens come in popular sizes and are available in three speeds. 
QD type for excellent contrast without loss of definition. QH type for faster, finer definition. 
And QS type for fastest, finest definition. 





Sakura Medical Corporation 

Radiographic Film and Instrumentation 

57 Bushes Lane, Elmwood Park, New Jersey 07407 
(201) 794-0800 


Sakura X-ray intensifying screens. Higher 
contrast. Longer life. And less expensive 
than comparable types. 
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WITH A WIDE RANGE 
OF MEDICAL 
APPLICATIONS 


e GYNECOLOGICAL 
e OBSTETRICAL 

e UROLOGICAL 

e GENERAL 


Aloka 


SONIC A:B 
MULTI-PURPOSE 
DIAGNOSTIC SCANNER 


THE MOST COMPACT AND 
MOBILE SCANNER PROVIDING 
A-B MODES AVAILABLE TODAY 


e Transverse and longitudinal scans without movement 
of the patient 

e Simultaneous A and B Scan Displays—plus M Mode 
capability 

e Manual compound contact scanner 

e Digital readout for immediate measurement of biparital 
diameter 

e Includes memory scope and Polaroid camera for 
photographic documentation 

e Easily operable by a single operator 

e Patient data imaged onto the film plane 

e Options include—gray scale, strip chart recorders, 
ultrasonic cardiogram 


THE ONLY INSTRUMENT THAT INTERFACES WITH THE EXCLUSIVE 
URO-SCAN 
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For Further Information Contact: T. M. Cannon 


GRUMMAN HEALTH SYSTEMS 


400 Crossways Park Drive 
Woodbury, New York 11797 
(516) 575-3513 










Searle is 

, moving into 
| ">, diagnostic 

| ~~ \ ultrasound 





With performance that is 
important to the growth of 
the diagnostic ultrasound ser- 

vice you are providing... 
With a B-mode scanner 
that physicians helped de- 
fine, requiring a completely 
new system design, from 
transducer to final image... 
With a uniquely different 
approach to scan conversion, 
resulting in consistent, text- 
book quality images that set 
a new standard for resolu- 
tion, dynamic range and gray 
scale... 
With a great deal more 
we'd like to discuss with you 
...including service, new 

technology and the future of 

ultrasound... 

and this is only the begin- 

ning... 


with PHO/SONIC-SM 


Searle Radiographics, Inc. 
TARE Ultrasound Group 


Subsidiary of G. D. Searle & Co. 
2270 Martin Avenue 

Santa Clara, California 95050 
(408) 984-2900 





Barium, Barium Systems, 
and Ancillary Products 


... formulated and designed to meet the realistic 
needs of the Modern Radiology Department 
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o] System of 
e-z-em YOU choice 


| | 111 SWALM STREET 
Westbury, N.Y.11590 (516) 333-8230 
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THE TETHERED CONUS* 


By CHARLES R. FITZ, M.D., and DEREK C. HARWOOD-NASH, M.B., Cu.B. 


TORONTO, ONTARIO, CANADA 


ABSTRACT: 


The tethered conus is a real and treatable entity. It presents with a variable 
though fairly constant symptom complex. The diagnosis is probably not even con- 
sidered in many patients with this condition. Recognition of the possibility of this 
condition by both the clinician and radiologist is needed. Properly performed oil or 
air myelography is the only method of preoperative confirmation of a tethered conus 
and should be done in all cases where it is suspected. 


HE tethered conus remains a contro- 

versial subject which has received 
scattered attention, primarily in the surgi- 
cal literature, since the 1950’s.47+!%12 Sur- 
prisingly it has been the subject of only one 
radiological report, by Gryspeerdt® in 1963. 
He laid down the important fundamentals 
of myelography in this condition and re- 
lated problems. The symptoms and the 
association with spina bifida occulta were 
recognized as early as 1918, although au- 
thors as recently as 1972 have been un- 
aware of the condition in scoliosis,!3 one of 
its common presenting forms. 

The “syndrome” is known by a variety 
of names: tethered filum, filum terminale 
syndrome, cord traction syndrome, tight 
filum, and low conus. The authors have 
chosen the term tethered conus because it 
is the low position of the conus that is im- 


portant clinically and visible roentgeno- 
graphically. 

The tethered conus presents with various 
signs and symptoms, primarily upper motor 
neuron type symptoms of spastic gait, 
weakness, muscle atrophy, bowel and blad- 
der dysfunction, and often orthopedic con- 
ditions such as scoliosis, foot deformities, 
painful or numb lower extremities, or low 
back pain. Abnormal Babinski reflexes are 
often present on one or both sides. Knee 
and ankle jerks are usually hyperactive but 
may be decreased. External signs of spinal 
dysraphism may be present, including hy- 
pertrichosis, subcutaneous lipomas, der- 
moids, and sinus tracts. These occur in 
roughly half of the patients in our ex- 
perience. 

The same clinical findings are often 
noted in association with other related con- 


* Presented at the Annual Meeting of the Society for Pediatric Radiology, San Francisco, California, September 22-23, 1974. 


From the Hosnital for Sick Children, Toronto, Ontario, Canada. 
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Fic. 1. Note L1-2 level of conus tip may be reached at 31 weeks’ gestation. (Reprinted from The Journal of 
Anatomy, 1969, 706, with permission of the publishers.) 


ditions of spinal dysraphism such as dia- 
stematomyelia and meningocele. We have 
excluded these patients in our own series, 
but have included those with a generalized 
slight widening of the lumbar dural sac 
where no discrete outpouching of an intra- 
spinal meningocele was present at myelog- 
raphy. The widened dural sac may be seen 
without any other abnormality except 
spina bifida occulta, and is considered by 
the authors to be the mildest form of ab- 
normality in the spinal dysraphism spec- 
trum. Other intradural abnormalities such 
as lipomas and dermoids are also seen with 
the tethered conus. Some authors? believe 
that these “accessory” findings are the true 
cause of the symptoms. We believe this not 
to be the case as ten out of 24 in our series 
had no associated masses or visible band at 
operation or myelography. 


To diagnose a low tethered conus, one 
must know the normal conus level and how 
it got there. The human embryo has a dis- 
tinct tail bud! which gradually regresses. 
By 30-35 mm (nine weeks) it is no longer 
present externally. The conus and filum 
which develop from the tail bud are at the 
lower end of the spinal canal at this stage. 
Between 30 and 100 mm (nine-16 weeks) 
there is a rapid ascent of the conus due to 
faster growth of the lumbar vertebrae than 
the cord. This is combined with atrophy of 
the terminal portion of the cord which 
forms the filum. 

Barson? measured the conus termination 
in 252 neurologically normal infants and 
fetuses of 15 to 49 weeks gestation. He 
found that as an average, the adult level 
(L1—2) is reached by 48 weeks gestational 
age (two months postnatally). It can be at 
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that level as early as 31 weeks (Fig. 1). In 
autopsies of older children he also noted 
conus levels of L3 in a three year old and 
L2—3 in a twelve year old. James and Lass- 
man® found similar results in a smaller 
group of normal children. Based on these 
findings and our own experience we think 
a conus tip below the L2—3 interspace in 
a child older than five years is abnormal 
(Fig. 2). By age twelve the conus tip should 
be at the mid L2 level. In addition, a filum 
measuring greater than two mm at myelog- 
raphy is probably abnormal. Because the 
measurement is not corrected for magnifica- 
tion error which varies slightly from case to 
case, one cannot be absolute about this 
measurement. 


MATERIAL 
At the Toronto Hospital for Sick Chil- 


dren, we have seen 24 patients with a 
myelographically and surgically confirmed 
diagnosis of a tethered conus having be- 
tween nine months’ and five years’ post- 
operative follow-up. As noted, those with 
diastematomyelia and meningocele have 
been excluded from this series. Those hav- 
ing intradural lipomas, cysts, and dermoids 
have been included. Symptoms are as noted 
on Table 1. Most children had more than 
one clinical finding and tended to fall into 
one or three groups, being seen by either 
urologists, orthopedic surgeons, or neuro- 
surgeons and neurologists. Our own series 
has fewer children with scoliosis than some 
other reported series, presumably because 
of the increased awareness of the condition 


TABLE I 


SYMPTOMS 


Urinary incontinence 
Other bladder problems 
Bowel dysfunction 
Abnormal reflexes 
Sensory loss 

Weakness 

Scoliosis 

Small limb 

Low back pain 
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Fic. 2. Normal myelogram. Water soluble post- 
mortem myelogram on infant. Note conus ends at 
mid L2 level and nerve roots exit in a course nearly 
parallel to the spinal axis. 


on the part of the clinicians other than 
orthopedic surgeons. Two of these children 
had been previously diagnosed as having 
cerebral palsy. All but two had definite 
spina bifida occulta. The two uncertain 
cases were older cases in which the plain 
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Fic. 3. (4) Prone view. Conus not seen in spite of large amount of contrast medium extending to Ls level. 
(B) Supine view. Conus and attached lipoma easily seen in supine projection. Also note nerve roots course 


more laterally than normal. 


spine films could not be located for review. 
Considering the evidence of the remaining 
cases, these were probably also abnormal. 


MYELOGRAPHY 


Myelography was done in all patients, 
usually under general anesthesia. Although 
cisternal puncture has been recommended 
to avoid piercing a low cord we have suc- 
cessfully used a short bevel lumbar punc- 
ture needle in the lumbar area without diffi- 
culty. When there is a question of a teth- 
ered conus, we try to make the puncture 


slightly off the midline and have not 
pierced a thickened filum or conus with the 
use of this method. Six to 20 cc of Panto- 
paque were used in the investigations. The 
amount will vary with the age of the child 
and the width of dural sac, which is often 
abnormally large. 

The key to the diagnosis is supine mye- 
lography. Although the anterior spinal ar- 
tery generally ends at the conus tip, it is 
not always seen at that level at myelogra- 
phy because the conus, when tethered, is 
usually held dorsally in the spinal canal. 
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Thus it may rise out of the contrast me- 
dium column unless a very large amount 
of contrast material is used (Fig. 34). This 
large amount in turn, may be so dense as to 
obscure the artery or the underside of the 
conus to which the artery is attached. The 
supine position requires less contrast ma- 
terial and usually allows complete visual- 
ization of the conus tip and the filum which 
also might be obscured by a large amount 
of contrast material. The anteroposterior 
position is best for visualization of the 
conus and filum. 

With a large dural sac, the supine posi- 
tion is especially advantageous (Fig. 38). 


Fic. 4. Low conus with attached cyst. Conus tip at 
upper level of L3 (open arrows). Irregularity of 
contrast medium around dorsal and lateral edges 
of conus suggests additional defect. Attached cyst 
confirmed at operation. 
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Fic. 5. Very thick filum. Supine view shows no defi- 
nite end to conus, but continuation of very thick- 
ened filum into sacral region. 


Small lipomas, cysts, etc., attached to the 
conus are easily seen (Fig. 4). At times 
what appears to be a thick filum may in 
fact be lipomatous tissue around the filum, 
but this differentiation cannot be made by 
myelography. At times the conus has no 
definite tip, but gradually tapers to a very 
thick filum (Fig. 5). The filum in these 
cases, though often appearing externally 
like. normal neuronal tissue at operation, 
contains no viable nerve structures when 
sectioned. 

Other myelographic evidences of a teth- 
ered conus such as the more laterally 
coursing nerve roots are also best seen 
supine (Fig. 6). This becomes more promi- 
nent as the level of the conus is lower. A 
widened dural sac is also more likely to 
occur when the conus is quite low at the L4 


or Ls level (Fig. 34). 
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Fic. 6. Tethered conus with very thickened filum as 
in Figure 5 (black arrows) and well visualized 
laterally coursing nerve roots (white open arrows). 
Compare with nerve roots of Figure 2. 


At the Hospital for Sick Children we 
have made a horseshoe shaped pad which 
allows the patient to be supine without re- 
moval of the needle (Fig. 7, 4 and B). The 
patient is first examined in the prone po- 
sition from caudal sac to posterior fossa to 
rule out any other abnormalities, particu- 
larly diastematomyelia. Following the prone 
examination the patient is lifted and rolled 
into the pad for the supine portion of the 
examination. Some anesthesiologists also 
prefer to use the pad while the patient is 
prone, the space in the “U” allowing for 
better chest expansion than on the table 
top itself. Supine filming is perhaps more 
easily done by removal of the needle. In the 
long run the pad saves time and allows 
better examination as it: prevents the need 
for re-puncture to remove the dye; prevents 
extradural leakage which may occur on 
needle removal; allows one to add more 
contrast material if necessary; and lastly, 
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remains as a marker of vertebral body level 
as in the prone position. 

We have used air myelography at times. 
It has two advantages. One need not re- 
move the contrast material and the supine 
position is not needed. Over-all we find a 
preference for oil examination. Because to- 
mography is necessary for air myelography 
the procedure tends to be longer even 
though the extra supine examination is not 
needed. Detail, although adequate, is less 
than on oil myelography. The filum and 
nerve roots are harder to see. Although we 
have not encountered the situation, it is 
possible that air myelography would be 
more likely to miss a fibrous diastematomy- 
elia which would also have similar symp- 
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Fic. 7. Supine myelography pad. (4) View of large 
and small pads. Velcro strap at top of “U,” keeps 
the arms of the pad from spreading. (B) Larger 
pad in use with older child. 
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Fic. 9. Operative release of filum. (4) Conus tip and filum with surrounding lipoma exposed. 
(B) Forceps holding cut filum that was at lower end of incision. 


Fic. 8. Air myelography. (4) Lateral view. Tethered 
conus (open arrows) outlined with air. Note dorsal 
location. (B) Anteroposterior projection. Conus 
less well seen. Opaque densities from previous oil 
myelography. 
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toms, plain film findings, and an associated 
tethered conus. 

In air myelography the lateral view 
usually gives the best demonstration of the 


conus and filum (Fig. 8, 4 and B). 


RESULTS 


At operation the filum is identified, two 
adjacent silver clips are put across the dis- 
tal end, and the filum is cut between the 
clips. The clips will usually separate 5 to 
25 mm, often dramatically (Fig. 9, 4 and 
B). Postoperative spine films will confirm 
this separation (Fig. ro). 

Operative results are somewhat hard to 
evaluate in a growing child whose neuro- 
logical status is normally changing. Table 
11 shows the improvement of individual 
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Fic. 10. Postoperative roentgenogram of another 
patient. Clips (arrows) have separated nearly two 
vertebral body spaces. 


symptoms in our series. Over-all there is a 
definite improvement of at least some 
symptoms in our series. At worst there is a 
halting of symptom progression. Even 
children with bladder difficulties have 1m- 
proved. There seems to be a better im- 
provement in those with only a tethering 
without associated intradural masses, pos- 
sibly reflecting a lesser degree of abnor- 
mality. 


DISCUSSION 


James and Lassman,? early advocates of 
the tethered conus as an entity, now be- 
lieve that other associated abnormalities, 
especially intradural or extradural bands, 
are the true cause of symptoms in these pa- 
tients. Part of their belief is based on the 
findings at autopsy of a symptom free and 
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TABLE II 


OPERATIVE RESULTS 
MARKED IMPROVEMENT OF INDIVIDUAL SYMPTOMS 


Incontinence 2/5 
Other bladder problems ais 
Sensory loss 4/8 
Weakness 6/8 


presumably neurologically normal 64 year 
old female having a diastematomyelia at 
L4 and conus tethered caudal to this. Be- 
cause the conus was at a low level in this 
“normal” individual, they discard it as a 
cause of symptoms in others. They do not 
continue the logical sequence and discard 
diastematomyelia as a cause of symptoms 
in others even though it was present in this 
case. Presuming that dural bands are the 
actual cause of the tethering, the diagnosis 
is still made by the myelographic finding of 
a low conus position. 

The tethering of the conus either by 
bands or the filum itself does not give a 
clear indication of the symptoms. Most 
likely they are due to a local ischemia 
caused by stretching. Hilal and Keim’s® re- 
cent publication concerning angiography 
in scoliosis suggests that tension on the 
cord may cause arterial stretching and pos- 
sible ischemia. Autopsy studies also note 
this.!° The possibility that stretching of the 
nerve fibers of the cortical spinal tracts oc- 
curs has also been postulated. It has been 
experimentally shown that the effect of any 
local stretching of the cord is absorbed 
within a short distance above or below the 
level of the stretch.! This would account 
for the symptoms being localized to the 
lumbar and sacral roots. 


Charles R. Fitz, M.D. 

The Hospital for Sick Children 
555 University Avenue 
Toronto, Ontario, Canada 
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ROENTGEN RECOGNITION OF ACUTE PLASTIC 
BOWING OF THE FOREARM IN CHILDREN?* 


By SPENCER BORDEN, IV, M.D. 


BOSTON, MASSACHUSETTS 


ABSTRACT: 


Traumatic bowing of one or both forearm bones in children represents an acute 
plastic deformation of bone. Plastic curvatures have been produced in the dog ulna, 
but have been recognized only recently in man. The biomechanics and histologic 
changes of the experimental model explain the roentgenological features found in 
children with traumatically bowed bones: (1) broad fixed curvatures which hold 
fractures in angulation and resist orthopedic reduction; (2) absence of periosteal new 
bone formation following the injury; and (3) partial correction of the plastic curva- 
ture by cortical remodeling in young children. In a series of 17 patients, eight chil- 
dren had bowing of the ulna with an angulated fracture of the radius, five had 
bowing of the radius with an angulated ulna fracture, and four children had both 
the radius and ulna bowed without fracture. Manipulative reduction in the majority 
of children with fractures failed to reduce the plastic curvature, causing partial loss 
of pronation and supination. 


A bowing of the forearm in children 
is a recently recognized condition.’ 
The deformity represents a plastic response 
to longitudinal stress. Plastic curvatures of 
bone may be isolated or found in conjunc- 
tion with conventional shaft fractures and 
dislocations. This report presents the roent- 
genographic appearance of plastic curva- 
ture of the forearm in children and sum- 
marizes the relevant biomechanical and 
orthopedic features. 


MATERIAL 


Seventeen cases of plastic bowing of the 
forearm in children are included in this 
study. Eight cases have been previously 
summarized.’ Three cases were discovered 
in a review of roentgenograms of children 
with forearm fractures; clinical information 
and response to treatment were incomplete 
in these three patients. There were eight 
boys and nine girls, ranging in age from 
2 4/12 to 13 8/12 years. A new bowing de- 
formity was noticed by the patient, parent, 
or the examining physician in each case. In 
two patients, roentgenograms of an earlier 
radial metaphyseal fracture confirmed the 


normal appearance of the forearm before 
the acute bowing deformity (Fig. 3; and 4). 
The contralateral forearm was normal in all 
the five cases in which comparison roent- 
genograms of the uninjured forearm were 
obtained (Fig. 7). 

Fractures were associated with the bowed 
bones in 13 of the 17 children. Eight chil- 
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Fic. 1. Graphic relationship of bony deformation 
(bowing) and force (longitudinal compression), 
modified after Chamay. The linear response in the 
zone of elastic deformation and the weakening of 
bone in the zone of plastic deformation are demon- 
strated. Further details are in the discussion. 


* From the Department of Radiology, Massachusetts General Hospital, Boston, Massachusetts. 
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TABLE Í 


SUMMARY OF PATIENTS 








Angulation of 





Case Sex Age Injury Fracture e. e Convexity of Bow 
Fragment 
M. D. M 13-8/12 Fell down stairs Midshaft left radius Anterior Midshaft ulna Posterior 
A.V. F 24/12 Felldown on hand Midshaft left radius Anterior and Midshaft ulna Posterior and lateral 
lateral 
S.H. F  9-9/12 Fell down on hand Midshaft right radius Anterior and Midshaft ulna Posterior and medial 
lateral 
B.S. F 76/12 Fell onto hand Midshaft left radius Anterior and Midshaft ulna Posterior and lateral 
lateral 
C. K. F  6-3/12 Fell on arm Midshaft left radius Anterior Midshaft ulna Posterior and medial 
K.M. M 41/12 Fell off bike Distal } right radius Anterior Distal 4 ulna Posterior 
D. K. M 13-s/12 Fell off bike Distal 4 left radius Anterior Distal 4 radius Posterior 
K.V. M 7-3/12 Unknown Midshaft left radius Anterior Midshaft left ulna Posterior 
N.B. F 6-4/12 Fell down stairs Midshaft right ulna Medial Midshaft radius Lateral 
P.B. F 47/12 Fell off fence Midshaft right ulna Posterior Midshaft radius Anterior 
R.P. M 12-3/12 Fell off fence Midshaft right ulna Posterior Midshaft radius Anterior 
B.W. M — 8-11/12 Fell on arm Midshaft right ulna Posterior Midshaft radius Anterior and lateral 
A.B. F 7-6/12 Fell on right hand Midshaft right ulna Posterior Midshaft radius Anterior 
.F. M 8-8/12 Fell off bike None -—— Midshaft radius and Posterior 
ulna 
D. B. M 11-4/12 Fell off bike None — Midshaft radius and Posterior and lateral 
ulna 
M. F. F  6-/12 Unknown None —— Midshaft radius and Posterior 
ulna 
C. K. F  6-5/12 Fell on arm None — Midshaft radius and Posterior and lateral 
ulna 





dren fractured the radius and bowed the 
ulna, and five children fractured the ulna 
and bowed the radius. Four children bent 
both the radius and ulna without fracture. 
The clinical information and type of injury 
in each patient is summarized in Table 1. 


DISCUSSION 
All the children in this series had fallen 


on an outstretched arm, causing acute 
bowing. To understand the mechanism of 
this injury, a brief review of some bio- 
mechanics of bone is necessary. 

Chamay* produced broad curving de- 
formities of the dog ulna both i” vivo and 
in vitro. Bowing deformities up to 30° were 
produced by resecting the radius of healthy 
dogs and allowing continued ambulation. 
Similar curves were produced with fresh 
wet specimens of dog ulna subjected to 
longitudinal compression. Histologic sec- 
tions of the resulting curved bones pro- 
duced in both ways showed multiple 
oblique microfractures where bone com- 
pression was greatest. The microfractures 


passed from the medullary cavity through 
the cortex to the periosteum, yet sub- 
periosteal hemorrhage was not a feature. 
Using static force in a fresh wet prepara- 
tion of a dog ulna, Chamay** obtained a 
stress-strain relationship (Fig. 1). The 
linear portion of the curve represents the 
elastic response. Bowing appeared and dis- 
appeared with the application and release 
of force, defining a hysteresis loop. With 
greater force, the linearity is lost and micro- 
fractures appear on histologic sections. 
With still greater force, more microfrac- 
tures appear in the concavity of the bowed 
bone and a maximal strength is attained. 
Beyond this point, the bone becomes 
weaker, attains a dramatic curvature, and 
finally fractures at a substantially sub- 
maximal force. 

The importance of these experimental 
data to the human patient is threefold. 
First, they demonstrate that the limit of 
an elastic response is not a fracture but 
rather a defined zone of plastic deforma- 
tion. Second, the maximal strength of a 
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Fic. 2. Anteroposterior projection of the forearm of patient A. V. one week, six weeks and ten months after 
the injury. Cortical thickening in the concavity of the bowed ulna continues after complete healing of the 


midshaft radial fracture. 


bone (Point C) was found to be approxi- 
mately 100-150 percent of the dog’s entire 
body weight. It is likely that a force of a 
similar magnitude is necessary both to pro- 
duce and to reduce plastic curvatures in the 
human patient. Third, the duration of the 
deforming force is critical and is not repre- 
sented in the stress-strain diagram. If the 
deforming pressure is continuously applied, 
every dog ulna will fracture once the maxi- 
mal strength has been surpassed. However, 
a plastic curvature is produced if the de- 
forming force is removed just before the 
fracture. Submaximal forces will cause elas- 
tic responses of the bone. Longitudinal 
forces greater than the maximal strength of 
the bones, which are applied for long peri- 
ods, will cause angulated midshaft fractures 
of both the radius and ulna. Therefore, the 
relative rarity of plastic curvatures in hu- 


man forearms is explained by the three cri- 
teria for a plastic deformation: (1) the 
deforming force must be exactly longitudi- 
nal (non-longitudinal forces are shearing 
forces and will cause the commonly seen 
epiphyseal and metaphyseal fractures); 
(2) the deforming force must be greater 
than the maximal strength of the bone; and 
(3) the duration of the force must be shorter 
than the time necessary to reach the point 
of fracture. 

In 13 of the 17 children, fractures were 
associated with the bowed bones. A mid- 
shaft fracture of one forearm bone may re- 
lease sufficient force to prevent fracture of 
the other bone, which instead is bowed. 
During a fall, pronation of the forearm 
with internal rotation at the shoulder will 
deliver maximal longitudinal force along 
the radius; a bowed ulna with an angulated 
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midshaft fracture of the radius may result 
(8 of 17 patients). Similarly, external rota- 
tion at the shoulder with forearm supina- 
tion may cause a bent radius with an angu- 
lated midshaft ulnar fracture (five of 13 
patients). A balance of axial forces along 
the radius and ulna may create two plastic 
curves without fracture. This is uncommon 
(four of 17 patients). It is apparent that 
bent bones are found with shaft fractures, 
but not with epiphyseal or metaphyseal 
fractures, which result from shearing forces. 

A dislocation of the radius or ulna at the 
wrist or elbow may also release some longi- 
tudinal stress. Blount! has seen anterior dis- 
location of the radial head with a bowed 
ulna (Monteggia equivalent). 

The roentgenologic aspects of bowing of 
the forearm in children include the recog- 





Fic. 4. Frontal and lateral projections of the left 
forearm of patient K. V. on May 16, 1969, ob- 
tained after a re-injury of unknown type. The old 
radial and ulnar fractures have remodeled and a 
new fracture is present in the midshaft radius. A 
new bowing curvature of the ulna can be seen. 


nition of the plastic deformity, comparison 
with the uninjured forearm, and confirma- 
tion of acceptable alignment after ortho- 
pedic reduction. A plastic curvature should 
be suspected in children with a clinical fore- 
arm deformity without fracture, an angu- 
lated shaft fracture of either the radius or 
ulna, or a dislocation of one bone at the 
wrist or elbow. It is important to obtain 
well exposed and correctly positioned roent- 
genograms of both forearms that provide 





Fic. 3. Frontal and lateral projections of the left 
forearm of patient K. V. on August 29, 1968. The ; “ies 
transverse fractures of the distal radius and ulna, anteroposterior projections of both the 
sustained one month before, are healing. wrist and elbow in the frontal study and 





ot 


Fic. 5. Frontal and lateral projections of the left 
forearm of patient D. K. obtained after a fall from 
a bicycle. The fracture of the radial metaphysis 
was seen, but the subtle bowing of the distal ulna 
was not recognized. 


lateral view of both joints in the other. 
Occasionally, a child with a bowed forearm 
may have limitation of the complete supi- 
nation required for the frontal projection, 
but diligence in positioning will provide a 
roentgenogram with minimal overlap of the 
radius and ulna. The lateral projection of 
the forearm usually shows the bowing best 
since most ulnar curvatures are convex 
posteriorly and most radial curvatures are 
convex anteriorly (Table 1). The accentua- 
tion of the intrinsic curvature of the fore- 
arm bones by longitudinal force accounts 
for the observed consistency in the direc- 
tion of the radial and ulnar deformities. 
Using comparison roentgenograms of the 
normal arm, subtle deformities may be dis- 
covered. Compound curvatures involving 
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different areas of the bone may be recog- 
nized. Comparison views allow the mea- 
surement of curves to assess the orthopedic 
reduction. 

Sequential roentgenograms of a plastic 
deformity uniformally reveal no periosteal 
new bone formation within two to four 
weeks of the injury. Plastic deformities are 
broad curvatures which involve the ma- 
jority of the shaft and blend imperceptibly 
into the normal bone at either end. These 
two features distinguish this injury from a 
greenstick fracture. An unreduced bone is 
found to contain the original plastic de- 
formity on follow-up roentgenograms (Fig. 
5; and 6). In young children, delayed peri- 





Fic. 6. Lateral projections of the left forearm of 
patient D. K. five weeks and eight weeks later. 
The bowing of the distal ulna remains. There is no 
periosteal reaction. The radial fracture continues 
to heal. 


VoL. 125, No. 3 
osteal bone formation is found along the 
concave surface of the bowed shaft, which 
slowly remodels (Fig. 2). Less remodeling 
occurs in older children, little occurs in the 
teenage patient, and no remodeling occurs 
in those cases where orthopedic reduction 
successfully reduced the bowing (Fig. 8). 
Delayed roentgenograms are necessary to 
document the adequacy of the orthopedic 
reduction. 

Bowed forearm bones limit pronation 
and supination. A bowed bone remains 
bowed, resists attempts at reduction, holds 
an adjacent fracture in angulation, and 
prevents relocation of an adjacent disloca- 
tion. The force necessary to reduce a plastic 





Fic. 7. Lateral projections of the injured right and 
normal left forearm of patient M. F. There is broad 
bowing of the right radius and ulna with the con- 
vexity posterior. (Reprinted with permission of 7. 
Bone and Joint Surg., 1974, 564, 611-616.) 
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Fic. 8. Lateral projections of the forearm of patient 
D. B. before and one month after orthopedic re- 
duction under general anesthesia of the bowing 
deformities of the radius and ulna. No periosteal 
reaction is seen on the second roentgenogram. 
(Reprinted with permission of J. Bone and Joint 
Surg., 1974, 564, 611-616.) 


deformity is.the same as the force required 
to create it. It is likely that 100-1§0 per- 
cent of a child’s total weight is required to 
reduce these curvatures. These forces are 
seldom attained by manipulative reduction, 
which consequently seldom changes the 
curvature of the bone. Orthopedic reduc- 
tion in the operating room using vigorous 
manipulative force and general anesthesia 
is usually required for a successful reduc- 
tion of plastic bowing of the forearm. A 
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Fic. 9. Two projections of the right forearm of a 20 
year old patient with osteogenesis imperfecta. 
This bowing curvature may be the result of chronic 
plastic deformation of pathologic bone. 


drilling osteoclasis at the apex of the curva- 
ture has been proposed to weaken the bone 
sufficiently to facilitate reduction.! 

In untreated or incompletely treated 
cases, bowed bones and angulated frac- 
tures may encroach upon the interosseous 
space, restricting pronation and supination. 
This commonly occurred in this series. 
Physiological remodeling of the bowed 
radial and ulnar shaft in young children 
may permit a complete range of pronation 
and supination, but restriction in rotatory 
movement of the forearm is nearly uni- 
versal in older children with incompletely 
reduced plastic deformities. 

Several corollaries of the concept of plas- 
tic curvature of the forearm in children are 
apparent. First, it is doubtful that the 
Salter V fracture of the forearm exists. This 
fracture presupposes the application of 
sufficient longitudinal force to injure the 
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epiphyseal plate. As has been demonstrated 
in the dog and our patients, this force will 
produce a bowing curvature of the forearm 
or angulated midshaft fractures. Second, 
the concept may allow for the development 
of a plastic curvature of the normal fore- 
arm of an adult. In mature bone, it is likely 
that the slope of the elastic response is 
steeper and the range of plastic deforma- 
tion is narrower than in a child or adoles- 
cent. However, a longitudinal force of the 
correct magnitude and duration should 
produce a plastic curvature. Third, if 
plastic curvatures occasionally occur in 
normal bone, it seems reasonable that they 
should occur more frequently in pathologic 
bone, because of the lower point of maxi- 
mal strength, the decreased slope of the 
elastic response, and the greater range of 
plastic deformation before fracture. Pro- 
gressive bowing of the limbs in patients 
with osteogenesis imperfecta or with ex- 
tensive fibrous dysplasia illustrates two ex- 
amples (Fig. 9). Possibly, the plastic curva- 
tures discovered in patients with patho- 
logical bones may be corrected with the 
application of carefully graded reductive 
forces under general anesthesia, in a man- 
ner similar to the reduction of plastic de- 
formities in normal children. Fourth, the 
lack of intrinsic curvature of the tibia may 
account for the apparent absence of plastic 
deformities in the lower leg. In contrast to 
the forearm, a Salter V fracture may result 
from a large compressive, longitudiral 
force. 


Department of Radiology 
Massachusetts General Hospital 
Boston, Massachusetts 02114 
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PNEUMATOCELES AS A COMPLICATION OF 
CHEMICAL PNEUMONIA AFTER 
HYDROCARBON INGESTION* 


By VIVIAN J. HARRIS, M.D., and ROWINE BROWN, M.D. 
CHICAGO, ILLINOIS 


ABSTRACT: 


Of 338 children with hydrocarbon ingestion, 134 (40 percent) had pneumonia. 
Pneumonia was most common after kerosene, furniture polish and lighter fluid in- 
gestion. The pneumonia was most severe, however, with furniture polish. Pneu- 
matoceles occurred in 14 children, most commonly with charcoal lighter fluid in- 
gestion. Pneumatoceles generally appeared late, after the consolidation had cleared. 
Pneumatoceles were often large, septate and irregular, and sometimes contained 


fluid levels. 


Ce poisoning in the United 
States remains frequent. In 1973 4,974 
out of 17,589 poisonings under the age o 
five were due to petroleum products.” The 
principal complication of all petroleum dis- 
tillate poisoning is a chemical pneumonitis, 
with fatalities occurring in four to ten per- 
cent of reported cases. Among various 
pulmonary complications, pneumatoceles 
have been considered relatively uncom- 
mon.” This paper describes a retrospective 
study of the roentgenographic and clinical 
findings in 338 children who ingested hy- 
drocarbons. Pertinent data about the hy- 
drocarbon pneumonias are outlined and 
the complication of pneumatoceles empha- 
sized. 


MATERIAL AND METHOD 


Data were analyzed from 338 children 
who were treated for hydrocarbon inges- 
tion at Cook County Children’s Hospital 
during the period from March 1964 to De- 
cember 1972, and who had chest roent- 
genograms available. Data were distributed 
according to the type of hydrocarbon in- 
gested: furniture polish, lighter fluid, paint 
thinner, turpentine, gasoline, acetone, etc. 
Turpentine and pine oil, which are cyclic 
terpenes, were included according to the 
recommendations of the Committee on 


Accidental Poisonings,!® since aspiration of 
these can cause chemical pneumonia. 


RESULTS 


Of 690 patients with known poisoning 
during the nine years from 1964 to 1972, 
338 children had chest roentgenograms 
available. The incidence of pneumonia was 
greatest with kerosene (72 percent) and 
furniture polish (60 percent) (Fig. 1), and 
least with pine oil. The average age was 
under two years (Table 1). Several patients 


TABLE Í 


AGES OF 134 PATIENTS WITH 
CHEMICAL PNEUMONIA 


Age of Patients 


N 

Substance se i 

Ingested Patients | Mean Range 
Months 

Furniture polish 58 iy Pr 3-42 
Lighter fluid 25 26.9 14-62 
Paint thinner 17 24.0 8—66 
Kerosene 17 17.1 11-28 
Turpentine 12 24.0 5-52 
Miscellaneous 5 21.3 5-41 
Total 134 20.8 3-66 


* From the Department of Pediatric Radiology and Pediatrics, Cook County Children’s Hospital and Hektoen Institute for Medical 


Research, Chicago, Illinois. 
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Fic. 1. Incidence of pneumonia in 338 children who ingested hydrocarbons. 


under six months were fed hydrocarbons were graded according to maximum se- 
by siblings. verity from mild to severe on a scale of one 

The roentgenograms of the children with to four (Fig. 2). The more severe pneu- 
roentgenographic evidence of pneumonia monias occurred with ingestion of furniture 
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Fic. 2. Severity of chemical pneumonia in 134 children. 
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Fic. 3. Pulmonary lobe involved by chemical pneumonia in 134 patients. 


polish (46.5 percent) while least severe 
with kerosene and turpentine ingestions. In 
every instance except three, at least one 
lower lobe was involved (Fig. 3), and in the 
majority, both lower lobes alone or in 
combination with right middle or upper 
lobes had pneumonic consolidations (66.4 


TABLE II 


INCIDENCE OF PNEUMATOCELES IN PATIENTS 
WITH HYDROCARBON PNEUMONIA 








Number of Patients 








Substance 
Ingested With With 
Pneumatoceles | Pneumonia 
Furniture polish 2 58 
Lighter fluid 6* 25 
Paint thinner 4 17 
Kerosene I 17 
Turpentine O 12 
Acetone I ‘I 
Miscellaneous O 4 
Total 14 134 





* Significantly different from incidence of pneumatoceles with 
all other hydrocarbons (P<o.o1) and with furniture polish 
(P <o.001). 


percent). Three patients had involvement 
only of the right middle lobe. 

The mean clearance time was 14 days for 
all chemical pneumonias excluding kero- 
sene. Only three patients with kerosene in- 
gestion were followed to clearing, which 
occurred within five days. Definite pneu- 
matoceles occurred in 14 patients, due to 
ingestion of lighter fluid in six, paint thin- 
ner in four, furniture polish in two and 


TABLE III 


INCIDENCE OF CYSTS, OTHER THAN PNEUMATOCELES, 
IN PATIENTS WITH HYDROCARBON PNEUMONIA 








Number of Patients 


Substance 
Ingested With With 
Cysts Pneumonia 
Furniture polish 9 58 
Lighter fluid 2 25 
Paint thinner 2 17 
Kerosene I 17 
Turpentine 3 12 
Acetone O I 
Miscellaneous o) á 
Total iy 134 
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Fic. 4. Group of oval, somewhat irregular, pneumatoceles in left lower lobe in which fluid levels are present 
(arrow). An additional round pneumatocele is seen in the right middle lobe. 


kerosene and acetone in one each (Table 
11). Chi square analysis of these data shows 
a significant difference of lighter fluid as 
compared with all other hydrocarbons 
(P<o.o1) and with furniture polish (P 
<o.001). Tiny cysts not large enough to be 
classified as pneumatoceles appeared in 
17 children, nine of whom had ingested 
furniture polish (Table 111). Cardiomegaly 
occurred during the acute episode in two 
patients, and one patient died. 

Many of the pneumatoceles became 
large, their diameter exceeding 10 mm in 
seven patients and 20 mm in three (Table 
iv). Many were irregular or oval rather 
than round (Fig. 4). Compartmentalization 
in pneumatoceles was common; in several 
cases the enlarging or coalescing areas of 
breakdown could be followed on serial films. 


TABLE IV 


DISTRIBUTION OF PNEUMATOCELES 
BY LONGEST DIAMETER 


Less 


‘ 29 ja 
Diameter| than IO to 19 | 20 to 32 Total 
Io mm li ijide 

Number 
of 4 7 3 14 
Patients 


Fluid levels were seen in three cases (Fig. 
5). Pneumatoceles usually appeared late, 
during or after clearing of the consolida- 
tion, with an average appearance time of 
9.5 days and a range of two to 21 days. 
In four instances the pneumatoceles were 
visible on the first day of ingestion, al- 
though in each case they became more 
clearly visible as the consolidation cleared 
(Fig. 6). Three patients were followed more 
than 30 days after initial ingestion of hy- 
drocarbon. Of these, two had not cleared 
the pneumatoceles by 41 and 42 days; one 
was cleared within six months (Fig. 7). 

There were numerous instances of tiny 
cystic areas appearing in sites of consolida- 
tion. The majority of these measured be- 
tween two and seven mm in diameter and 
were multiple (Fig. 8). Those followed to 
clearing took two to 1§ days to disap- 
pear. There were two instances where pre- 
ceding roentgenograms established the pre- 
existence of these cysts. Most of them are 
part of the clearing process in the lung, 
possibly representing cleared groups of 
alveoli or acini. None progressed to frank 
pneumatoceles. 


DISCUSSION 


Pneumatoceles are cysts that originate 


Vot. 228, No.3 


2 


tt. 





Pneumatoceles after Hydrocarbon Ingestion 


> 


1/7/70 w 


Fic. 5. Pneumatoceles in left lower lobe appearing 13 days after ingestion of paint thinner. 
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Septa and fluid levels are present (arrows). 


from a part of lung which has undergone 
necrosis and which is supplied by a bron- 
chus having an edematous thickened wall. 
A check-valve mechanism results, which 
causes the cyst to accumulate air and, 
thereby, gradually enlarge. Pneumatocele 
is a well known complication of many pul- 
monary infections, the most common of 
which is that due to Staphylococcus aureus. 
It has also been described sporadically as 
part of hydrocarbon ingestion. In 14 cases 
of pneumatocele occurring in hydrocar- 
bon-induced pneumonias, previously re- 
ported in the English and French litera- 
ture,?—*:6. 14,15,18,20,22,23 involvement was al- 
ways limited to lower lobe of one or both 
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lungs; and pneumatoceles appeared only 
when the patients were clinically well, with 
the appearance time averaging 8.5 (range 
three to 15) days after ingestion. 

Because of this and the small number of 
pneumatoceles reported since 1955, it has 
been suggested that it is either an uncom- 
mon event? or not detected because roent- 
genograms are usually no longer taken 
when the child is well and in the recovery 
phase of the illness.18 

In our experience pneumatoceles were 
most frequently seen in ingestion of char- 
coal lighter fluid, paint thinner, or furni- 
ture polish. Only one example each in 
kerosene and acetone ingestions occurred, 





7/13/70 


Fic. 6. On the first day, a cystic area communicating with the left lower lobe bronchus is visible (arrow) 
Five days later there is clearing of the consolidation and appearance of several pneumatoceles. 





1/4/68 


Fic. 7. A child followed for six weeks after onset of ingestion of lighter fluid still shows 
pneumatocele in right middle lobe (arrows). 


and none among 33 cases of turpentine 
poisoning. 

Interestingly, a relatively larger number 
of pneumatoceles occurred when the hy- 
drocarbon ingested was charcoal lighter 
fuid, which is a petroleum distillate, 
naptha, with a low viscosity and surface 
tension. Gerarde’s analysis!’ of the effect of 
hydrocarbon on the lung has demonstrated 
increased risk of aspiration and lung dam- 
age with decreased surface tension, de- 





Fic. 8. Tiny round cysts in both lower lobes 
cleared on following examination. 
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creased viscosity, and increased toxicity of 
the hydrocarbon aspirated. Low surface 
tension allows rapid spread while low vis- 
cosity permits penetration into distal air- 
ways. Formation of pneumatoceles sug- 
gests destruction of alveoli and pulmonary 
capillaries.*™?!° This is logical in view of the 
histopathology of lung described in chil- 
dren dying from hydrocarbon aspira- 
tion. 81216 Findings include: hemorrhagic 
pulmonary edema; atelectasis; interstitial 
inflammation; necrosis of bronchial, bron- 
cheolar and alveolar tissue; vascular throm- 
boses; a necrotizing bronchopneumonia 
with polymorphonuclear exudate; and for- 
mation of hyaline membranes lining the 
alveoli. These findings resemble hyaline 
membrane disease of the newborn. Animal 
studies of surface tension of pulmonary 
surfactant demonstrated a significant rise 
when intratracheal or intravenous furniture 
polish was administered. The lung is af- 
fected by resulting instability of alveoli 
with atelectasis and edema; distal airway 
closure also occurred." 

It has been suggested on the basis of 
histological observation of destruction and 
repair of lung tissue in kerosene pneumonia 
in rats that lung parenchymal changes may 
persist for long periods, even after roent- 
genographic clearing.}3 The presence of 
pneumatoceles in this study, 40 to 60 days 
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after ingestion, tends to confirm this im- 
pression. 

The pulmonary lesions are caused not by 
gastrointestinal absorption but by aspira- 
tion of the hydrocarbons. This conclusion 
arises from the results of numerous animal 
studies,1?11:13.16.23 Factors involved include 
the small amount swallowed (estimated as 
a teaspoonful),!” the rapid onset of symp- 
toms, and the predominance of lower lobe 
involvement. 


Vivian J. Harris, M.D. 
Department of Pediatric Radiology 
Cook County Children’s Hospital 
700 South Wood Street 

Chicago, Illinois 60612 
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PULMONARY VENOUS AIR EMBOLISM IN HYALINE 
MEMBRANE DISEASE* 


By DALE R. SHOOK, M.D.,* KENNETH B. CRAM, M.D.,t and HUGH J. WILLIAMS, M.D.f 


MINNEAPOLIS AND ST. PAUL, MINNESOTA 


ABSTRACT: 


A newborn infant with the respiratory distress syndrome in whom pulmonary 
venous air embolism (PVAE) developed as a complication of positive pressure ther- 
apy is reported. The underlying pathophysiology in this disorder is probably the 
development of alveolar-capillary fistulae secondary to unduly high intrabronchial 
pressures. An increased awareness by radiologists and clinicians of PVAE as a po- 
tential complication of aggressive respiratory therapy will result in more frequent 
recognition of this uncommon but lethal disorder. 


pes pressure respirators are com- 
monly employed in newborn intensive 
care units to treat infants with respiratory 
distress. Two major attendant complica- 
tions, pneumomediastinum and pneumo- 
thorax, occur frequently and are ‘easily 
recognized. Their pathophysiology has been 
well elucidated by Macklin.” In contradis- 
tinction, pulmonary venous air embolism 
(PVAE), a dire complication, 1s only oc- 
casionally encountered. However, it should 
be considered whenever rapid deterioration 
of an infant on a respirator occurs. PVAE 
has been reported sporadically, both clini- 
cally and experimentally, the latter data 
suggesting that it may occur more com- 
monly clinically than generally recognized, 
especially as a complication of mechanical 
respirators in neonates. HAN Naaa 


REPORT OF A CASE 


P.C., a one hour old premature female infant, 
was admitted to St. Paul Children’s Hospital 
with severe respiratory distress. Physical exam- 
ination at the time of admission revealed a 
1,164 gram infant with multiple congenital 
anomalies including; bilateral cleft lip and pal- 
ate; bilateral fifth digit skin tags; low set ears; 
and microcephaly. These findings were com- 
patible with the clinical diagnosis of Trisomy 
13—15 syndrome. The patient was cyanotic on 
100 percent oxygen by mouth, and demon- 


strated grunting respiration with sternal re- 
traction. 

After the infant was intubated and placed on 
a PR-2 respirator, both umbilical arterial and 
venous catheters were inserted. Laboratory 
values at admission on 100 percent Oy included 
pO89, pCO: 37.3, and pH 7.27. The admission 
chest roentgenograms demonstrated very se- 
vere hyaline membrane disease with no signifi- 
cant aeration of either lung (Fig. 1). 

Because of a continuing decline in pO: the 
patient was placed on a Bourns volume respira- 
tor four hours after admission in an attempt to 
maintain adequate pulmonary ventilation. The 
delivered volume was maintained at 32 milli- 
liters at a rate of 30 respirations per minute. 
Although the peripheral pulmonary pressure 
could not be accurately determined, the respi- 
rator generated a high pressure of 70-85 cm 
H:O in its tubing. Despite use of the high pres- 
sure respirator, the pO: continued to decline to 
48, and the pCO: increased to 46.6 at eleven 
hours after admission. 

At 13 hours after admission, the patient sud- 
denly developed blanching of the right arm and 
the heart rate decreased to 30-40 per minute. 
An attempt to withdraw blood for gas deter- 
minations yielded only air from both the um- 
bilical arterial and venous catheters. Careful 
inspection demonstrated no leak in either of 
the catheter systems. An immediate roentgeno- 
gram revealed poor aeration of both lungs and 
extensive collections of air within the cardiac 
chambers, aorta, and in numerous major arter- 


* Radiology Department, Veteran’s Administration Hospital, Minneapolis, Minnesota. 
+ Radiology Department, University of Minnesota, Minneapolis, Minnesota. 
t Radiology Department, The Children’s Hospital, St. Paul, Minnesota. 
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ial and venous branches including the hepatic 
veins (Fig. 2). 

Shortly thereafter the baby died. Postmor- 
tem roentgenograms made some eight hours 
after death showed complete resorption of the 
intravascular air. No cardiac or intravascular 
air was present at autopsy and no site of capil- 
lary-venous communication was demonstrable. 


DISCUSSION 


Pulmonary interstitial emphysema (PIE) 
results from alveolar rupture and usually 
precedes the complications of PVAE, pneu- 
momediastinum, and pneumothorax. The 
high ventilatory pressures currently em- 





Fic. 2. A roentgenogram obtained at 13 hours of age 
demonstrates extensive air collections in the car- 
diac chambers. There is widespread hepatic vein 
air accumulation, quite different in distribution 
from that encountered in portal vein gas embolism. 
There is also gas in the mesenteric veins, left 
jugular vein, and in the subclavian vessels bi- 
laterally. The increased radiolucency of both lungs 
is due to interstitial air. 





ployed in many neonatal intensive care 
units to treat infants with severe respira- 
tory distress, increase the probability of all 
three complications.’”*° Spontaneous PVAE 


Fic. 1. Both lungs demonstrate the characteristic 
reticulo-granular pattern and extensive air broncho- 
gram of severe hyaline membrane disease one hour 
following birth. most likely results from formation of 
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alveolar-capillary fistulae, sometimes less 
correctly termed bronchovenous fistulae. 
Two major facts favor this site of fistuliza- 
tion after alveolar rupture: (1) the juxta- 
position of blood and air, separated by only 
a few microns of endothelium, a common 
basement membrane, and the alveolar 
epithelium; and (2) a dense mesh of capil- 
laries surrounding each alveolus.‘ 

Normally the pulmonary venous pres- 
sure exceeds the bronchial pressure and this 
gradient must be reversed if PVAE is to 
occur.*:-83 As intrabronchial pressures in- 
crease, the pulmonary venous pressure also 
increases but at a slower rate, resulting 
eventually in reversal of the normal pres- 
sure gradient, and thus favoring PVAE 
should a fistula occur. PVAE does not de- 
pend on the absolute pressure present in 
the bronchioles, but on a transpulmonic 
(intrabronchial-intrapleural) pressure dif- 
ferential of 60~70 cm H0.’ Perhaps con- 
current pneumothorax, through a resultant 
increase in intrapleural pressure, may exert 
a therapeutic influence from this stand- 
point, although detrimental in other re- 
spects. 

Although demonstration of the fistulous 
sites by postmortem microangiography 
should be possible, it has yet to be docu- 
mented. Other evidence for alveolar-capil- 
lary fistulae exists, however: Macklin,” 
using a gelatin carmine particle technique, 
demonstrated sites of microscopic alveolar 
rupture in his investigation of interstitial 
air dissection. Later, the Macklins™ postu- 
lated rupture could also easily occur into 
capillaries as well as into the neighboring 
interstitium. In addition, Lenaghan and 
co-workers’? acrylic bronchial casts of dog 
lungs with air embolization were normal, 
indicating that fistualization occurred dis- 
tal to the terminal bronchioles. Further 
support for the existence of alveolar-capil- 
lary fistulae was provided by Bowen et a/.,? 
who ventilated postmortem lungs and ob- 
served air bubbles traveling centripetally 
in pulmonary veins. They also noted that 
barium placed in the trachea was later 
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demonstrable outside the bronchi in micro- 
scopic vessels and lymphatics. 

PVAE is not a unique complication of in- 
fants on positive pressure respirators, but 
has also been observed after the strenuous 
respiratory efforts associated with whoop- 
ing cough, asthma, and vigorous resuscita- 
tion procedures. It has been noted also 
following introduction of a needle into the 
chest for cautery pneumonectomy, irriga- 
tion of empyema cavities, artificial pneu- 
mothorax, and diagnostic pleural taps.®!9 
In the healthy lungs of submarine escape 
trainees, various degrees of air embolization 
may occur, presumably due to cyclic 
spurts of air passing through alveolar- 
capillary fistulae that open and close with 
respiration.™!! The noncompliant lungs of 
hyaline membrane disease, especially when 
splinted by interstitial air, promote con- 
tinuous patency of any such fistulae which 
develop.*! PVAE is also more common in 
shock lung, presumably for the same 
reason,?° 

PVAE is evidenced clinically by air in 
the retinal vessels, sharply defined areas of 
pallor on the tongue (Liebermeister’s sign), 
marbling of the skin, and elevation of the 
blood pressure due to vasoconstriction from 
peripheral air emboli. In addition, air may 
be aspirated from umbilical catheters or 
may be seen bubbling from an incision over 
an area of cutaneous embolization.®: 18.16.19 

The symptoms, signs, and mode of death 
in PVAE are variable, depending upon the 
patient’s posture at the time of emboliza- 
tion and shortly thereafter. Since intravas- 
cular air is relatively insoluble, air buoy- 
ancy becomes a major factor in determining 
the sequelae. If the patient is in the 
Fowler’s position, air buoyancy causes 
cerebral air embolism, and neuromuscular 
sequelae dominate. On the other hand, if 
the patient is in the Trendelenburg posi- 
tion, air rapidly embolizes to the coronary 
arteries, and cardiovascular sequelae domi- 
nate, usually terminating in ventricular 
fibrillation. In the horizontal position en- 
countered in most patients, both neuro- 
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muscular and cardiovascular sequelae occur 
and the mode of death is variable.*!* The 
described sequelae of intravascular air sug- 
gest that patient positioning could logically 
be employed as a mode of therapy for 
PVAE, but in most cases this is ineffective. 
With the patient in the Trendelenburg and 
left posteroanterior position, the coronary 
arteries and carotid arteries are both 
maximally protected from air embolization. 
Ideally this position should be assumed 
prior to embolization. However, since the 
air is sometimes transiently arrested in the 
aortic arch, and since PVAE may be 
sporadic rather than continuous, this posi- 
tion should probably be assumed whenever 
the diagnosis is suspected.’ 
Roentgenographically in PVAE, air may 
be demonstrable in all cardiac chambers 
and in the arteries and veins of both sys- 
temic and pulmonary circulations. This 
wide distribution of air can result from an 
intracardiac shunt or perhaps intravascular 
air can also traverse the pulmonary capil- 
lary bed, as in dogs, resulting in the occur- 
rence of both right and left ventricular air.!9 
Both portal and hepatic venous air may 
occur in PVAE. Differentiation is possible, 
although academic, since the prognosis is 
poor in either event. Hepatic vein air col- 
lects centrally in the upper region of the 
liver with the venous radicles converging 
toward the inferior vena cava. In contra- 
distinction, portal gas is usually evident 
peripherally, but can occur centrally with 
the venous radicles converging more cau- 
dally in the region of the hepatoduodenal 
ligament. This distribution should not be 
confused with biliary air which tends to 
remain centrally located within the liver. 
Quisling et a/.4 recently described the rapid 
spontaneous accumulation of postmortem 
intravascular air in some infants with 
hyaline membrane disease and observed 
that the amount actually increased in the 
hours following death. Other authors, in- 
cluding ourselves, have noted that rapid 
absorption of the intravascular gas in 
PVAE may occur after death.*!%29 Since 
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postmortem roentgenograms may be mis- 
leading, close correlation between the clini- 
cal and roentgenologic findings is of the 


utmost importance in establishing the 
diagnosis of PVAE.?!8-19 


Hugh J. Williams, M.D. 
The Children’s Hospital 
311 Pleasant Avenue 

St. Paul, Minnesota 55102 
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DROWNING: ANOTHER PLUNGE* 


By CHARLES E. PUTMAN, M.D.,t ANNA M. TUMMILLO, M.A.,t DANIEL A. 
MYERSON, M.D.,§ and PAUL J. MYERSON, M.D.§ 


NEW HAVEN AND DERBY, CONNECTICUT 


ABSTRACT: 


Hypoxia, pulmonary edema, acidosis, and aspiration compose the syndrome of 
near drowning. A review of 20 cases of near drowning indicates that the initial chest 
roentgenogram bears little weight in assessing the present or future clinical status. 
In some cases a 24 to 48 hour delay occurred before roentgenographic evidence for 
pulmonary edema was noted. The composition of fluid aspirated does not affect the 
outcome. The results of this report suggest that patients with a history of near 
drowning should be followed closely for at least 48 hours despite an initial normal 


chest roentgenogram. 


Te most reliable clinical evidence for 
near drowning (i.e., immersion or sub- 
mersion in a fluid medium) is the presence 
of hypoxemia and metabolic acidosis. The 
chest roentgenogram is essentially noncon- 
tributory in determining the type of near 
drowning incurred or in defining the degree 
of pulmonary insufficiency. In a recent re- 
view of 20 cases of near drowning (six salt 
water, ten fresh water, four chlorinated 
water) (Table 1), the laboratory data, se- 
quential chest roentgenograms, and mode 
of treatment conflict in predicting the out- 
come of the episode. Blood gases are the 
only means for determining the degree of 
pulmonary insufficiency. Furthermore, the 
onset of pulmonary insufficiency may occur 
in the ensuing 24 hours following the 
episode. 


REPORT OF CASES 


Case 1. D.C. This six year old white male 
was found in a chlorinated swimming pool, 
after submersion of approximately ten minutes. 
He was cyanotic and not breathing. He resumed 
spontaneous respirations after ten minutes of 
mouth-to-mouth respiration. Before arriving 
in the Emergency Room, he was noted to have 
vomited clear water. Upon arrival he was un- 
responsive and flaccid. Vital signs were normal 





except for labored respirations and a respira- 
tory rate of 44. There were scattered diffuse 
rales and ronchi in both lung fields (Fig. 1). A 
chest roentgenogram revealed bilateral peri- 
hilar infiltrates. Blood gases showed a pH of 
7.16, pCO: of 49, and pO: of 70, with nasal oxy- 
gen at four liters per minute. Serum electrolytes 
were normal except for a bicarbonate of 12.6. 
Blood gases and the roentgenograms returned 
to normal three days after admission. 


Case u. M.H. A 56 year old male capsized 
from his boat into water and was submerged for 
apparently three minutes. He was brought to 












D.C. Bilateral central haze indicative 
of alveolar fluid. 
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TABLE I 
SS8SsSsSsSsS9MaasS9masao Woe... 0000 
Type Initial 
Initials of Im- Blood Roentgen Pattern Treatment Complications 
mersion Gases 
eee 
pH 7.16 
DC Chlorine pCO: 49 24 hr.  initial—normal Antibiotics, steroids o 


pOz 70 72 hr. normal 


—_—_—_--———————————————_——-_ qq UU 


pH 7.37 24hr. initial—ill defined nodular 
MH Salt pCO: 4I densities, both bases; pro- IPPB, steroids o 
pO2 40 gressing basilar consolidation 


72 hr. residual linear density right 
lower lobe, posterior basal 
segment 


————LS aLL 


pH 7.20 24 hr. initial—bilateral alveolar 
SC Salt pCO: 40 densities consistent with IPPB, steroids, diuretics, Pneumonia, heart failure 
pO2 28 pulmonary edema antibiotics 


72 hr. developed pneumonia, lung 
abscess, chronic fibrotic 
changes in both lower lung 


zones 
pa len cite a E 
pH 7.31 24hr.  initial—bilateral diffuse 
HJ Fresh pCOz 44 density consistent with pul- Steroids, antibiotics o 
pO2 58 monary edema 
72 hr. persistent nodular peripheral 
density 


—_—_——__-_--——————————— rr eee 


pH 7-12 24hr.  initial—normal 
MS Fresh pCO: 50 32 hr. bilateral diffuse alveolar Steroids, antibiotics, o 
pO2 32 densities consistent with volume respirator 


pulmonary edema 
48 hr. diffuse air-space consolidation 
4 days residual markings, right lung 
6 days normal 
assent is 
pH 7.40 
GG Fresh pCO: 30 24 hr. initial—normal 24 hr. observation o 
pO: gl 72 hr. normal 
Spee ssn ern renee eee 


pH 7.08 24hr.  initial—bilateral alveolar 
GD Fresh pCO: 67 infiltrates consistent with Steroids, antibiotics, Adult respiratory 
pOz 20 pulmonary edema PEEP tracheostomy distress syndrome 
72 hr. alveolar infiltrates for 
7-8 days 
iOS i a a a a a E 
pH 7.12 24hr.  initial—normal Antibiotics, steroids, IPPB o 
CJ Chlorine pCO? 30 72 hr. normal 
pO2 77 
a OERE E EEE A E E A E ee E A 
pH 7.27 24 hr. normal 
AM Fresh pCO: 36 72 hr. normal Oxygen mist o 
pO2 98 
acticin a a a 
H 7.28 24 hr. initial—increased nodular 
TY Salt pCO: 40 density, right lower lobe, Antibiotics o 
pOz 54 with linear markings in left 


lower lobe. Densities increased 

extending to perihilar region 
72 hr. slight residual haze in right 

lower lung, posterior basal 


segment 
EREE 
pH 7-43 , 
SB Fresh pCO: 25 24 hr. normal 24 hr. observation o 
pO2 100 72 hr. normal 


LLL en ee 2 


PEEP= positive and expiratory pressure, 
IPPB= intermittent positive pressure breathing. 
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TaBLe I (Continued) 


OO 


Type Initial 
Initials of Im- Blood Roentgen Pattern Treatment Complications 
mersion Gases 
ew 
pH 7.34 48 hr. observation 
ED Fresh pCO: 38 24 hr. initial—normal mannitol, decadron, o 
pO: 260 72 hr. normal antibiotics 
I 
pH 7.31 24hr.  initial—minimal diffuse 
BC Chlorine pCO: 36 increased markings, slight 24 hr. observation o 
pO2 80 prominence of pulmonary antibiotics 
vascularity 
42 hr. normal 
pH 7.16 24hr.  initial—bilateral patchy Steroids, IPPB, antibiotics 
DM Salt pCO: 42 infiltrates both bases o 
pO: 124 72 hr. none 48 hr. observation 
I ——$—— 
pH 7.31 24hr.  initial—hazy densities 
JC Salt pCO? 41 both bases, slight volume 24 hr. observation o 
pO2z 95 loss, left lower lobe 
72 hr. normal 
pH 7.31 24hr. initial—increased markings, IPPB steroids Oz inhlaltion Lung abscess 
SC Fresh pCO: 36 left lower lobe 
pO2 67 72 hr. normal 
I 
pH 7.39 24hr.  initial—patchy fluffy One week in hospital, 
RS Fresh pCO: 37 densities right and left steroids, antibiotics, IPPB, fe) 
pO: 116 lung Thorazine, Nembutal, 
Dexamethasone, Gantrisin, 
72 hr. normal Hypothermic blanket 
L M  —$ 
pH 7.35 24hr. initial—density at both Steroids, antibiotics, IPPB, 
KC Salt pCO: 34.5 bases, bilateral perihilar 3 day admission o 
pO2 69 haze, obliteration of central 
pulmonary vascularity 
72 hr. normal 
aaam 
pH 7.15 24hr. left upper lobe consolidation Antibiotics, tracheostomy, 
MP Chlorine pCO: 70 48 hr. pulmonary edema volume ventilation Anoxia-death 
pOr 30 72 hr. pulmonary edema 
i a IŘŘŘ— 
pH 6.91 24hr. bilateral diffuse infiltrates Antibiotics, tracheostomy, Hypoxic encephalpathy, 
SJ Fresh pCO: 88 progressed to pulmonary volume ventilation perforated viscera, 
pO2 26 edema peritonitis, death 
72 hr. persistent linear densities 


both lungs—clearing pulmo- 
nary edema pattern 


a a a 


the Emergency Room slightly cyanotic with 
dyspnea and tachypnea. Vital signs were nor- 
mal. Respiratory rales were noted throughout 
both lungs. He had peripheral cyanosis without 
clubbing. Neurological examination was within 
the limits of normal. Initial blood gases re- 
vealed a pH of 7.27, a pO: of 42, and a pCO: of 
19. A chest roentgenogram showed basilar alve- 
olar densities with pulmonary edema (Fig. 24). 
Repeat blood gases obtained following treat- 
ment with intermittent positive pressure breath- 
ing (IPPB) and oxygen showed a pH of 7.37, 
pO» of 40, and a pCO: of 41. During this 24 


hours after admission he was noted to have a 
grossly bloody sputum which was negative on 
culture. Three days after admission his blood 
gases were normal as was the chest roentgeno- 
gram (Fig. 28). 


Case mt. S.C. A 65 year old male was found 
unresponsive in salt water after an indetermi- 
nate period of time. He required external cardiac 
massage and resuscitation and was brought 
semicomatose to the Emergency Room. He was 
intubated and a moderate amount of fluid 
suctioned from the lungs. Initial blood gases 





Fic. 2. M.H. (4) Bilateral basilar alveolar densities. 
(B) Clearing of infiltrate with return to normal. 


showed a pH of 7.2, a pCO: of 40, a pO of 28, 
and a bicarbonate level of 13. An initial chest 
roentgenogram showed linear densities extend- 
ing from the hila consistent with interstitial 
edema (Fig. 34). Despite IPPB treatment, 
steroids, diuretics, and antibiotics, pulmonary 
function continued to deteriorate. On the third 
day he required a tracheostomy. The hospital 
course was complicated by congestive heart 
failure, pseudomonas pneumonia and persistent 
pulmonary insufficiency. The patient was dis- 
charged two months after admission with blood 
gases showing a pO: of 64, a pCO, of 34, and a 
pH of 7.4 on room air. A follow-up roentgeno- 
gram two weeks later revealed right perihilar 
consolidation and left upper lung density con- 
sistent with pneumonia (Fig. 3B). 


Case 1v. H.J. A 21 year old Black male was 
admitted to the Emergency Room after a near 
drowning episode in fresh water. He was ap- 
parently submerged for approximately two 
minutes. Arriving in the Emergency Room he 
was tachypneic and slightly lethargic. The vital 
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signs were normal. There were fine crepitant 
rales over both lung fields. An initial roentgeno- 
gram showed a pattern consistent with pul- 
monary edema (Fig. 4). Blood gases showed a 
pO» of 58, a pCO: of 44, a pH of 7.31, and a 
serum bicarbonate of 20.5. He was treated with 
prophylactic steroids and antibiotics and was 
discharged within two days with normal blood 
gases. The chest roentgenogram showed clear- 
ing of the pulmonary edema with residual 
peripheral pulmonary densities. 


Case v. M.S. A 15 year old Black male was 
brought to the Emergency Room in a semi- 
comatose state after about four minutes’ sub- 
mersion in a fresh water pond. The patient had 
vomitus in his mouth when found. His blood 
pressure was 130/80 mm Hg, pulse 120 per 
minute, and regular respirations 50 per minute. 





Fic. 3. S.C. (4) Scattered linear densities with cen- 
tral congestion. (B) Perihilar consolidation on 
right and left upper lung densities representing 
pneumonia. 
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His temperature was 100.6. There were diffuse 
ronchi and wheezes over both lung fields. No 
evidence of clubbing or cyanosis was present. 
An initial chest roentgenogram showed patchy 
densities throughout the right chest with mini- 
mal perihilar density on the left (Fig. 54). 
Blood gases showed a pO: of 32, a pCO: of 50, 
and a pH of 7.12. The bicarbonate level was 17. 
A chest roentgenogram showed extension of the 
patchy infiltrates to both lungs consistent with 
pulmonary edema (Fig. 5B) six hours after ad- 
mission. After utilization of the volume respira- 
tor the blood gases returned to a normal range 
six hours after admission. Antibiotics, steroids, 
bronchodilators and diuretic therapy were also 
used. The patient was discharged three days 
after admission with normal blood gases and a 
normal chest roentgenogram. 


DISCUSSION 


The nature of the fluid aspirated appears 
to have little effect on the ensuing bio- 
chemical changes. Massive hemodilution, 
hemoconcentration, and hemolysis have 
been described in experimental animals fol- 
lowing fresh and salt water near drown- 
ing.&™1218 Qur study supports the observa- 
tion of others that distinctive serum bio- 
chemical and hematological values have 
little relation to the type of fluid medium.* 
The following mechanisms may contribute 
to the development of pulmonary edema: 





Fic. 4. H.J. Diffuse density in all lung zones 
consistent with pulmonary edema. 
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Fic. 5. M.S. (4) Patchy alveolar density in right 
lung. (B) Extension of density to left lung—com- 
patible with pulmonary edema. Oxygen line over 
thorax. 


prolonged hypoxia, respiratory obstruction, 
and fibrin degradation. Prolonged hypoxia 
causes shunting of unoxygenated blood 
from the arterial to the venous system ac- 
centuating the initial hypoxemia.”"" The 
roentgenographic finding of pulmonary 
edema related to hypoxemia is linked to the 
alteration in the permeability of the alve- 
olar capillary membrane. In addition, re- 
spiratory obstruction has been shown to 
induce acute elevation of pulmonary ve- 
nous pressure with resultant pulmonary 
edema in animals. Fibrin degradation 
products have been observed in postmor- 
tem blood several hours after drowning. 
Therefore, it is conceivable that a subclini- 
cal consumptive coagulopathy with micro- 
embolization may further accentuate the 


548 


capillary leak.8 All of the above factors 
may influence alveolar capillary membrane 
function by producing prolonged changes 
in the diffusion pattern, development of 
intrapulmonary shunts, and rare progres- 
sion to an adult respiratory distress syn- 
drome.' In our experience, the roentgeno- 
gram is not the critical indicator of clinical 
response which previous literature im- 
plies.® %1° All near drowning victims may be 
severely hypoxemic while the initial chest 
roentgenograms appear normal. Moreover, 
several of our patients did not show ab- 
normal chest roentgenograms before 24-48 
hours. Fifty percent of the salt and fresh 
water cases showed irregular nodular in- 
filtrates extending from the hila to the 
periphery. Near drowning in chlorinated 
water presented the same picture. None of 
the patients exposed to chlorine developed 
a delayed hypersensitivity chemical pneu- 
monitis. Several cases demonstrated lobar 
or segmental densities, others had bilateral 
basilar infiltrates consistent with aspiration 
although these infiltrates cleared rapidly. 
Treatment appeared to have little affect on 
the roentgenographic appearance. Thera- 
peutic measures included bronchodilators, 
antibiotics, steroids, and supportive ther- 
apy such as volume ventilators. 


Charles E. Putman, M.D. 
Department of Radiology 

Yale University School of Medicine 
New Haven, Connecticut 06510 
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PULMONARY EDEMA AND CONTINUOUS POSITIVE 
PRESSURE BREATHING (CPPB)* 
By KOOK SANG OH, M.D., ANTONIO G. GALVIS, M.D., FREDERICK P. STITIK, M.D., 
D. BEATTY CRAWFORD, M.B., D.M.R.D., F.F.R., and JOHN P. DORST, M.D. 


BALTIMORE, MARYLAND 


ABSTRACT: 


We have successfully treated severe pulmonary edema of various etiologies and 
the concomitant hypoxia in 17 infants and children with continuous positive pres- 
sure spontaneous breathing. The pressure used was eight to 14 cm of water above 
atmospheric pressure. No significant changes occurred in arterial or central venous 
blood pressure, and no patient developed clinical evidence of peripheral venous en- 
gorgement. Pulmonary edema cleared within 24 hours in all cases. We believe this 
rapid clearing may differentiate pulmonary edema from pneumonia and pulmonary 
hemorrhage. The pathophysiology and the roentgenologic findings are presented. 


N recent years, because of technical ad- 

vances and greater understanding of the 
pathophysiology involved, continuous posi- 
tive pressure breathing (CPPB) has been 
used more and more frequently to assist 
patients with respiratory difficulties from 
many causes. We have recently shown that 
the undesirable effects and complications of 
CPPB can be avoided if the pressure is kept 
low, between eight and 14 cm of water.” 
Furthermore, acute pulmonary edema can 
be successfully treated with CPPB when 
medical management fails.’ 

We present our additional experience 
with 17 infants and children who were 
successfully treated with CPPB for severe 
pulmonary edema of various causes. 


MATERIAL AND METHOD 


We do not use a respirator for CPPB. 
The gas is delivered through an endo- 
tracheal tube and the patient breathes 
spontaneously. During inspiration, the de- 
sired pressure is maintained at eight to 
14 cm of water by regulating the gas flow 
through the endotracheal tube. During 
expiration, the positive pressure is created 
by having the child exhale through a water 
column eight to 14 cm high.® These mech- 


anisms assure fairly constant pressure 
throughout the respiratory cycle. The pres- 
sure is constantly monitored by an oscillo- 
scope. 

Seventeen infants and children with se- 
vere pulmonary edema and concomitant 
progressive hypoxia were treated with 
CPPB. These patients had not responded 
to conventional measures, including oxy- 
gen, digitalis, diuretics, physical therapy, 
and a satisfactory airway. Eleven had de- 
veloped severe pulmonary edema following 
cardiac surgery. The pulmonary edema was 
caused by upper airway obstruction in two 
children and accidental overhydration in 
two others. One had been submerged in salt 
water, while one had central nervous sys- 
tem ischemia from a large subdural hema- 
toma following a skull fracture. 


RESULTS 


In each of the 17 infants and children, 
dramatic clinical and roentgenographic im- 
provement occurred after applying CPPB. 
Roentgenographically the pulmonary edema 
cleared in two to 24 hours, with an average 
of seven hours (Fig. 1, 4 and B; and 2, 4 
and B). The clinical improvement, which 
was slightly preceded by the roentgeno- 


* Presented at the Annual Meeting of the Society for Pediatric Radiology, San Francisco, California, September 22-23, 1974. 
From the Departments of Radiology and Radiological Science, and Surgery (Division of Anesthesiology), The Johns Hopkins Medical 


Institutions, Baltimore, Maryland. 
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Fic. 1. (4) Twenty-two month old girl with hemo- 
lytic uremic syndrome was anuric for three days 
when she developed acute pulmonary edema caus- 
ing progressive hypoxia. The chest roentgenogram 
shows acute pulmonary edema. (B) Repeat chest 
roentgenogram seven hours later shows complete 
clearing of pulmonary edema. 


graphic clearing, was accompanied in all 
cases by a dramatic increase in pO, and 
decrease in pCO». 

None of the patients developed inter- 
stitial emphysema, pneumomediastinum, 
pneumothorax, a significant change in ar- 
terial or central venous blood pressure, or 
clinical evidence of peripheral venous en- 
gorgement. 


DISCUSSION 


In general, we use CPPB whenever pro- 
gressive hypoxia occurs despite adequate 
medical management and a good airway. 
CPPB appears to clear focal areas of atelec- 
tasis, to increase functional residual ca- 
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pacity and to correct regional abnormalities 
of ventilation and perfusion. With the im- 
proved oxygenation, acidosis decreases, 
production of surfactant is enhanced, and 
myocardial function improves. In the re- 
spiratory distress syndrome, and presum- 
ably in certain other conditions, the ab- 
normally increased permeability of pulmo- 
nary capillary endothelium is corrected. 
The continuous positive pressure in the air- 





| 


Fic. 2. (4) Three month old boy underwent pulmo- 
nary artery banding for ventricular septal defect. 
In spite of vigorous medical management including 
diuretics and digitalis, severe pulmonary edema 
persisted and caused progressive hypoxia. The 
anteroposterior chest roentgenogram taken im- 
mediately after he was put on CPPB shows severe 
pulmonary edema. (B) Six hours later there was 
almost complete clearing. 
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way apparently displaces fluid from the 
alveoli into the pulmonary capillaries.® 

A number of complications has been re- 
ported from the use of positive pressure 
breathing, including: (1) pulmonary con- 
solidation and collapse; (2) pulmonary in- 
terstitial emphysema; (3) pneumomediasti- 
num; (4) pneumothorax; and (5) fluid re- 
tention.*” These complications are uncom- 
mon if pressures are kept below 15 cm H:O 
in both inspiration and expiration. With 
airway pressures of 26 to 28 cm water dur- 
ing expiration and 16 to 22 cm water during 
inspiration, however, central venous pres- 
sure has been shown to increase by a mean 
of 11 mm Hg. After 20 to 30 minutes, the 
cardiac index decreased from a mean of 
3.7 L/min/sq M to a mean of 2.5 L/min 
/sq M and central blood volume fell as 
much as 50 percent.’ In another study, 
however, the cardiac index remained nor- 
mal despite high airway pressure, a mean of 
23 cm water, and an end expiratory pres- 
sure of 13 cm water.‘ 

With prolonged mechanical ventilation, 
water retention was reported in 19 of 100 
patients. These 19 patients experienced a 
mean weight gain of 2.6 Kg. The level of 
positive pressure used was not reported.’ 
In dogs, CPPB with an end-expiratory 
pressure of 10 cm H:O has been shown to 
decrease both cardiac and urinary output 
and to increase plasma antidiuretic hor- 
mone (ADH).! We have not seen any of 
these changes in our clinical experience, 
which has been principally with infants and 
small children. 

The positive pressure was set between 
eight to 14 cm H:O above atmospheric 
pressure, a level we believe does not signifi- 
cantly influence cardiac output, urinary 
output, and antidiuretic hormone secretion. 
In all 17 infants and children treated, this 
low CPPB was sufficient to clear pulmo- 
nary edema rapidly. CPPB was added be- 
cause of progressive hypoxia despite treat- 
ment with conventional measures. Since 
these patients were receiving diuretics, we 
did not anticipate a decrease in urine out- 
put, increase in plasma ADH, or water 
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Fic. 3. (4) Four year old boy developed fever on the 
third postoperative day after repair of pulmonic 
valve stenosis. There are small areas of increased 
densities in the left upper lobe. The remainder of 
the lung is normal. (B) Fifteen hours after CPPB 
there was complete clearing. This indicates re- 
expansion of the small areas of atelectasis. 


retention with CPPB. Indeed, urine out- 
put remained adequate and patients had 
no evidence of increased venous pressure or 
other signs of fluid retention. ADH levels 
were not measured. 

Because of the dramatic increase in pO», 
once CPPB was started, the oxygen con- 
centration could soon be reduced, and the 
duration of oxygen administration was sig- 
nificantly shortened, thereby decreasing 
the possibility of oxygen toxicity. 

In our experience, small foci of atelectasis 
clear as rapidly as pulmonary edema (Fig. 
3, 4 and B). The rapid resolution of pulmo- 
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nary edema in these 17 patients led us to 
believe that pulmonary infiltrates that do 
not clear within 24 hours of CPPB therapy 
usually represent pneumonia, pulmonary 
hemorrhage, or large areas of atelectasis. 
Of course, further clinical-roentgenographic- 
pathologic correlations will be required to 
determine whether rapid clearing of pulmo- 
nary infiltrates with CPPB therapy reli- 
ably differentiates pulmonary edema from 
other lesions. 


Kook Sang Oh, M.D. 

Department of Radiology and Radiological Science 
The Johns Hopkins Hospital 

601 North Broadway 

Baltimore, Maryland 21205 


REFERENCES 


1. Baratz, R. A., PurLgin, D. M., and PATTERSON, 
R. W. Plasma antidiuretic hormone and urinary 
output during continuous positive pressure 
breathing in dogs. Anesthesiology, 1971,34, 510- 
S74, 

2. Garvis, A. G., and Benson, D. W. Spontaneous 


Oh, Galvis, Stitik, Crawford and Dorst 


NOVEMBER, 1975 


continuous positive airway pressure (CPAP) 
breathing in management of acute pulmonary 
edema in infants. Clin. Pediat., 1973, 12, 265- 
269. 

3. KıLgBurs, K. H., and SieKer, H. O. Hemody- 
namic effects of continuous positive and nega- 
tive pressure breathing in normal man. Circula- 
tion Res., 1960, 8, 660-669. 

4. Kumar, A., FALKE, K. J., Gerrin, B., ALDREDGE, 
C. F., Laver, M. D., Lowenstein, E., and 
PonToppipAN, H. Continuous positive pressure 
ventilation in acute respiratory failure (effects 
on hemodynamics and lung function). New 
England J. Med., 1970, 28}, 1430-1436. 

5. Macperson, R. I., CHERNick, V., and REED, M. 
Complications of respiration therapy in new- 
born. Y. Canad. A. Radiologists, 1972, 23, 91- 
102, 

6. On, K. S., Stitix, F. P., Gatvis, A. G., BEARMAN, 
S. B., HELLER, R. M., and Dorst, J. P. Radio- 
logical manifestations in patients on continuous 
positive pressure breathing. Radiology, 1974, 
II0, 627—630. 

7. SLADEN, A., Laver, M. B., and Ponroppipan, H. 
Pulmonary complications and water retention 
in prolonged mechanical ventilation. New Eng- 
land F. Med., 1968, 279, 448-453. 


VoL. 125, No. 3 


ARTERIOMEGALY* 


By DAVID H. CARLSON, M.D., PAUL GRYSKA, M.D., JULES SELETZ, M.D., 
and STEWART ARMSTRONG, M.D. 


NEWTON LOWER FALLS, MASSACHUSETTS 


ABSTRACT: 


Arteriomegaly describes tortuous, ectatic, irregular vessels with prolonged blood 
flow. Seven cases of this entity are outlined with representative case reports. The 
increased incidence of aneurysms, thrombosis and embolization 1s noted in this and 
other series. The possibility that tortuous vessels may be confused with aneurysms 
on examination is also discussed. Due to the prolongation of blood flow, adequate 
arteriographic evaluation may be quite difficult. 


RTERIOMEGALY is the most facile 
descriptive term for a vascular disease 
consisting of varying degrees of arterial 
ectasia, tortuosity, and luminal irregularity 
with prolongation of blood flow, often in 
the absence of any actual occlusion. While 
this condition has long been accepted as a 
definite entity in Europe, the American 
literature has paid it little cognizance. The 
present series of seven cases, save one, rep- 
resents the result of a survey of 75 aorto- 
grams and bilateral femoral arteriograms 
performed by direct translumbar and retro- 
grade femoral technique over the course of 
two and one-half years at Newton-Welles- 
ley Hospital. The clinical and roentgeno- 
graphic findings of these seven cases are 
respectively recorded in Tables 1 and 1. 
The following four representative case re- 
ports outline the range of findings in this 
interesting arterial disease. 


REPORT OF CASES 


Case 1. W.B. This 64 year old white male 
was admitted for evaluation of hematuria. Two 
and one-half years before he had had surgery for 
a bleeding left hypogastric aneurysm which was 
controlled, but apparently never completely 
resected. On intravenous pyelography the left 
kidney was hydronephrotic, and it was as- 
sumed the ureter was involved with scar from 
the same procedure. A translumbar arterio- 
gram was then done which showed the aorta 
and iliac vessels to be dilated and tortuous 
with a large right hypogastric aneurysm (Fig. 


14). The superficial femoral vessels were dilated 
with heavy arteriosclerotic beading and aneu- 
rysmal dilatation of the right profunda femoris 
(Fig. 1B). The trifurcation vessels on the left 
side did not fill until 30 seconds after injection 
with only minimal filling of these structures on 
the right (Fig. 1C). A small popliteal aneurysm 
was noted on the left side and a thrombosed 
aneurysm was suspected on the right. An aorto- 
iliac graft was placed after resection of the 
distal aorta, common iliac, and bilateral hypo- 
gastric aneurysms with extension of the graft 
to the femoral level on the right because of ex- 
cision of the profunda femoris aneurysm. Seven 
months later the patient returned with com- 
plaints of numbness and tingling of the right 
foot, and embolization was surmised from the 
suspected right popliteal aneurysm. A dumb- 
bell-shaped aneurysm with clot was resected 
and a venous graft interposed. Despite his ex- 
tensive surgical procedures, all were well toler- 
ated and the patient’s convalescence has been 
most satisfactory. 


Case 11. A.L. This 64 year old white male 
had noted ischemic pain in his right leg for sev- 
eral months after an initial sudden onset. On 
physical examination a pulsating popliteal an- 
eurysm was palpated on the left and a popliteal 
aneurysm with thrombosis and bleeding was 
suspected on the right side. On retrograde 
femoral arteriography the aorta, iliac and fe- 
moral vessels were irregular and ectatic with 
prolongation of blood flow. There was a small 
left hypogastric aneurysm (Fig. 2, 4 and B). 
There were fusiform popliteal aneurysms with 
distal occlusion on the right and adjacent filling 


* From the Departments of Radiology and Surgery, Tufts University School of Medicine and Newton-Wellesley Hospital, Newton 


Lower Falls, Massachusetts. 
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defects suggesting fresh blood clot. In addition, 
an area of faint extravasation of contrast me- 
dium was noted lateral to the right popliteal 
aneurysm and slightly obscured by the bone 
(Fig. 2C). The right popliteal aneurysm was re- 
sected and a saphenous vein graft placed. Fol- 
lowing the procedure the patient had return of 
the dorsalis pedis pulse. Recovery was unevent- 


ful. 


Case 111. L.B. This 69 year old white male 
was noted to have a large abdominal aortic 
aneurysm on physical examination. His initial 
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Fic. 1. Case 1. (4) The aorta and iliac vessels 
are dilated and tortuous with a large right 
hypogastric aneurysm. (B) The superficial 
femoral arteries are dilated with heavy 
plaque, and an aneurysm of the right pro- 
funda femoris artery. (C) There is marked 
prolongation of blood flow 30 seconds after 
injection with a small left popliteal aneu- 
rysm. 


chest roentgenogram showed a strikingly 
tortuous, ectatic thoracic aneurysm (Fig. 34). 
Evaluation was desired for possible resection 
of the abdominal aortic aneurysm, and a retro- 
grade femoral arteriogram was done. A large 
aortic aneurysm, 6 cm in diameter, was shown 
in virtual continuity with the thoracic aneu- 
rysm and included the right renal artery, the 
left being unsatisfactorily delineated (Fig. 3B). 
The tortuous aneurysm also extended into large 
tortuous iliac aneurysms. Distal roentgeno- 
grams were not obtained as the information as 
to unresectability had already been secured 
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and the prolongation of a technically difficult 
procedure was not desired. The patient was dis- 
charged without surgical treatment and later 
succumbed to a pulmonary embolus. 


Case 1v. A.M. This 81 year old white female 
was admitted with crampy abdominal pain of 
ten days’ duration. While some improvement 
was noted after treatment for diverticulitis, 
there was a persistence of pain in the left lower 
quadrant. A pulsatile mass was palpated in this 
same area and arteriography was requested to 
rule out an iliac aneurysm. On translumbar ar- 
teriography strikingly tortuous iliac and aortic 
vessels were delineated, particularly the left 
external iliac (Fig. 4). Only mild prolongation 
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Fic. 2. Case 11. (4) The aorta and iliac vessels are 


ectatic with a small left hypogastric aneurysm. 
(B) The superficial femoral arteries are ectatic 
with flow to the knee prolonged to 15 seconds. 
(C) There are bilateral fusiform popliteal 
aneurysms with extravasation on the right 
marked by an arrow. 


of flow and ectasia of the arteries were noted, 
the distal vessels being patent. The patient’s 
symptoms gradually subsided and she was dis- 
charged as a probable acute sigmoid diverticu- 
litis. 

DISCUSSION 


In 1943 and 1947 Leriche!*™ described 
the clinical, roentgenographic, and opera- 
tive findings in two patients with tortuous, 
dilated iliac and common femoral arteries 
that were diagnosed as aneurysms pre- 
operatively. These were described by the 
term ‘‘dolicho et méga-artére.”’ Since then 
numerous other reports of this entity have 
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Fic. 3. Case m1. (4) A posteroanterior chest roentgenogram shows a large, extensive aneurysm of the thoracic 
aorta. (B) The abdominal and thoracic aorta are markedly dilated and irregular with the iliac vessels 
similarly involved. 


appeared, many in the French litera- 
ture." 812183 Arteriomegaly, as has been sug- 
gested before, is probably the simplest de- 
scriptive term. 





Fig. 4. Case 1v. The aortic and iliac vessels show 
marked tortuosity particularly on the left. 





Our patients varied in age from 64 to 89 
with an average of 71 years. While hyper- 
tension has been commonly associated with 
this condition, its absence in our series 
would suggest a coincidental occurrence. 
Three of our patients had embolism or 
thrombosis, which was probably related to 
their aneurysms. Both thrombosis and 
embolism are frequently noted with ar- 
teriomegaly, and it is suggested that this 
may occur in the absence of an aneu- 
rysm.** One would question if Case vı 
(Table 1), who probably had either an 
embolism or thrombosis with only slow 
blood flow and no coexistent aneurysm, 
might not fall into this latter category. All 
of our patients had prolonged blood flow 
with ectatic and irregular vessels. The 
tortuosity alone may be of some signifi- 
cance as in Case Iv (Table 1) who presented 
for evaluation of a pulsatile mass which rep- 
resented only a tortuous vessel. Leriche’s!®#! 
first two cases of this entity presented in a 
similar manner. It is to be noted that all of 
our cases but one had prolonged blood flow 
without arterial occlusion and in Case vi 
(Table 11) the unoccluded leg also had pro- 
longation of blood flow. This delay often 
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TABLE Í 


CLINICAL INFORMATION 








Thrombosis, Embolism 





No. Age BE or Occlusion sutesty Other 
I. W.B. 65 140/90 Tingling right foot, probable (1) Resection of bilateral hypogastric and 
embolization right profunda aneurysms with aorto- 
iliac and femoral graft 
(2) Resection right popliteal aneurysm with 
vein graft 
II. A.L. 64 140/90 Thrombosed right popliteal (1) Resection right popliteal aneurysm 
aneurysm 
III. L.B. 69 140/80 None None Died of pulmonary em- 
bolus 
IV. A.M. 81 130/90 None None Presented with pulsatile 
mass LLQ 
V. R.D. 89 120/70 Right superficial femoral oc- Right femoral popliteal by-pass graft 
clusion 
VI. D.R. 66 150/90 Gangrene right foot ? embo- (1) Resection right 4th toe Diabetic 
lization (2) Right below-knee amputation 
VII. C.H. 65 140/80 (1) Emboli left foot (1) Resection left popliteal aneurysm with 


(2) Clotted graft 


graft 


(2) Left below-knee amputation 
(3) Resection right popliteal aneurysm with 


B.P.= blood pressure. 
LLQ= left lower quadrant. 


results in poorly timed roentgenograms 
with poor delineation of distal vessels. The 
slow flow is probably directly related to the 
large cross sectional area of the arterial 
lumen.**” By including the impressive 
aortic and iliac aneurysms of Case 111 there 
was a total of four aneurysms. This fre- 
quency of occurrence with arteriomegaly 
has been previously emphasized.*:” While 
the dividing line between a segmentally 
ectatic vessel and a fusiform aneurysm may 
be quite thin, the presence of thrombosis 


graft 


was usually considered evidence of the 
latter. It is to be noted that the incidence 
of arteriomegaly in our population (six of 
75) is much higher than has formerly been 
reported.” 

While it is not the concern of this paper, 
we have also noted occasional patients with 
ectatic, tortuous changes involving the 
great vessels. One of these was felt to have 
an aneurysm of the innominate artery until 
the arteriogram showed merely a tortuous 
vessel. This aspect of arteriomegaly has 


TABLE I] 


ROENTGENOGRAPHIC FINDINGS 


Case No. Prolonged Flow Tortuosity Ectasia 
I. W.B. Femoral 7 sec. 4+ 4+ 
Knee 30 sec. Iliac 
II. A.L. Femoral 3 sec. 2+ 4+ 
Knee 30 sec. 
III. L.B. Appears prolonged, no distal films 3+ 4+ 
IV. A.M. Femoral 4 sec. 4+ 2+ 
Knee 8 sec. 
V R.D. Femoral 5 sec. 2+ 2+ 
Knee 20 sec. 
VI D.R. Femoral 4 sec. 4+ 3+ 
Iliac 
VII. C.H. Times uncertain but markedly 4+ 4+ 
prolonged Iliac 


Plaque Aneurysm Occlusion 

4+ Aorta, right and left com- 
mon iliac, right, pro- 
funda, right and left 
popliteal 

4+ Bilateral popliteal, left 
hypogastric 


Poor run-off right 


Clots right popliteal with 


extravasation 


3+ Thoracic and abdominal None 
aorta and iliacs 
I+ None None 
4+ None Right superficial femora! 
3+ None None 


3+ Bilateral popliteal Poor distal filling 
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also been described previously.*:” 

While none of our patients had veno- 
grams, in his original work Leriche!®" re- 
ported venous ectasia as well, suggesting 
some type of generalized connective tissue 
disorder. However, this has not been sub- 
stantiated in other reports, and only the 
anticipated deformity from the tortuous 
arteries has been noted.°® 

On review of the pathological material 
from our operative cases no characteristic 
findings were noted that would differenti- 
ate arteriomegaly from the changes seen 
with varying degrees of arteriosclerosis. 
This has been the experience of previous 
authors.!:®:? In an attempt to make a paral- 
lel with other conditions, we have found 
two pediatric cases, one at 17 months and 
the other at ten years of age, with bizarre 
tortuous vessels.*:® One of these showed an 
increase in the number of elastic fibers,‘ 
while the other showed an actual decrease 
of the external elastic membrane with frag- 
mentation of the internal elastic mem- 
brane.® In addition, with the kinky-hair 
syndrome, a metabolic disease which is 
probably related to copper deficiency, tor- 
tuous vessels are common with intimal 
thickening and fragmentation of the in- 
ternal elastic lamina on histological evalu- 
ation.? While patients with Marfan’s dis- 
ease often have tortuous vessels, one would 
expect a related condition to have a simi- 
larly increased incidence of aortic dissec- 
tion which has not been noted with any 
reported case of arteriomegaly. In our 
cases with an average age of 71, such ex- 
tensive arteriosclerosis is noted that the 
fine changes described in the pediatric pa- 
tients discussed above would be obscured. 
Hence further investigation should be di- 
rected toward the younger patient with 
arteriomegaly, particularly in relation to 
uninvolved vessels. Therefore, while ar- 
teriomegaly appears to represent only an 
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interesting variant of arteriosclerosis, the 
possibility of a yet undetected structural 
abnormality still persists. 


David H. Carlson, M.D. 

Department of Radiology 
Newton-Wellesley Hospital 

Newton Lower Falls, Massachusetts 02162 


REFERENCES 


I. ACKERMAN, L. V., and Burcuer, H. R. Surgical 
Pathology. Third edition. C. V. Mosby, St. 
Louis, 1974, pp. II1gI-1192. 

2. Apams, P. C., Srranp, R. D., Bresnan, M. J., 
and Lucky, A. W. Kinky hair syndrome: 
serial study of radiological findings with em- 
phasis on similarity to battered child syn- 
drome. Radiology, 1974, 772, 401-407. 

3. Bariéty, M., Pautet, J., and Terris, G. Les 
dolicho-méga-artéries. Bull. et mem. Soc. méd. 
hép. Paris, 1961, 77, 394-412. 

4. Beuren, A. J., Hort, W., Kavsrieisy, H., 
Miter, H., and Sroermer, J. Dysplasia of 
svstemic and pulmonary system with tortuos- 
ity and lengthening of arteries. Circu/ation, 
1969, 39, 1Og-II5. 

ç. Ecoirrter, J., Lavat-JEANTET, M., and KaurFr- 
MANN, Ciné-arteriographic femorale dans les 
artheromatoses avec dolicho-méga-artére. 7. 
de radiol., d’électrol. et de méd. nucléaire, 1968, 
49; 294-296. 

6. Ertucrut, A. Diffuse tortuosity and lengthen- 
ing of arteries. Circulation, 1967, 36, 400-407. 

7. HULTÉN-GYLLENSTEIN, J. L., Lorstept, S., and 
von Reis, G. Observations on generalized 
arteriectasis. Acta med. scandinav., 1959, 163, 
125-132. : 

8. Lea Tuomas, M. Arteriomegaly. Brit. F. Surg., 
1971, 58, 690-694. 

g. Lea Tuomas, M., and Anpress, M. R. Phlebo- 
graphic changes in arteriomegaly. Acta radiol., 
1970, 70, 427-432. 

10. LericHe, R. Dolicho et méga-artére dolicho et 
méga-veine. Presse méd., 1943, 57, 554-5585. 

11. LERICHE, R. Les symptoms douloureux des 
dolicho-artéres. Presse méd., 1947, 55, 641. 

12. STAPLE, T. W., FRIEDENBERG, M. J., ANDERSON, 
M. S., and Burcuer, H. R., Jr. Artérie magna 
et dolicho of Lériche. Acta radiol. (Diag.), 
1966, 4, 193-305. 

13. WAREMBOURG, H., Nicuet, G., MERLEN, J. F., 
Ductoux, G., and DusBeaux, P. A. Les 
dolichomégaartères Lille méd., 1963, 8, 661- 
668. 


VoL. 125, No. 3 


DISSECTING ANEURYSM OF THORACIC AORTA: 
REAPPRAISAL OF RADIOLOGIC DIAGNOSIS* 


By YACOV ITZCHAK, M.D.,ł TALMA ROSENTHAL, M.D.t RAPHAEL ADAR, M.D.,§ ZALLMAN 


J. RUBINSTEIN, M.D.,¢ YAIR LIEBERMAN, M.D.,§ and VICTOR DEUTSCH, M.D.+ 


TEL-HASHOMER, ISRAEL 
ABSTRACT: 


In a series of 24 cases of acute dissecting aneurysm of the aorta (not including 
Marfan’s disease) the diagnosis was usually suspected on the basis of the clinical 
picture and plain chest roentgenograms. 

The most consistent clinical sign was severe pain. Absent pulses and a neurological 
deficit were each noted in only five patients. In many cases there was no correlation 
between the clinical picture and the type or the extent of the dissection. 

Widening of the aortic arch and obliteration of the aortic knob with displacement 
of the trachea to the right are the most common signs in plain chest roentgenograms. 
A barium swallow examination in these cases reveals an elongated compression and 
displacement of the esophagus by the aortic arch. Calcification in the area of the 
aortic arch is the exception rather than the rule in dissecting aneurysms. 

Angiography is essential for the definitive diagnosis of dissecting aneurysms. The 
diagnosis is based on the demonstration of two channels, either by the presence of a 
linear radiolucency separating the two lumens, or by differences in flow that present 
as delayed opacification or delayed washout. 

If only the true lumen is opacified, widening of the outer extraluminal border of 
the aorta or narrowing of the lumen indicates the presence of a dissection. Abnormal 
catheter recoil and position were helpful in only two cases, and are not informative 
when the false lumen is catheterized. Failure to visualize main aortic branches was 
not always due to involvement by the dissection. It can also be caused by reduced 
flow due to severe proximal compression of the main lumen. 

The exact location of the intimal tears is usually not demonstrated unless addi- 
tional injections are made in the area assumed to contain the tear. 

If only the false lumen is opacified in the ascending aorta, this can be recognized 
by the demonstration of a blind end, by failure to visualize the sinuses of Valsalva, 
from flattening of the medial border of the opacified channel, and from delayed 


washout in the blind end. 


TT mortality from dissecting aneu- 
rysm of the aorta has decreased in re- 
cent years as a result of improved surgical 
and medical treatment.® 11.20.22 

The typical clinical picture and plain 
chest roentgenogram are usually suggestive 
of the diagnosis of dissecting aneurysm. 
Aortography is essential for the demonstra- 
tion of the site of the primary tear and the 
extent of the dissection.!:?!9 This informa- 
tion is indispensable in order to determine 


which case is suitable for initial medical 
management, and in which case emergency 
surgery is indicated.?°-” 

The present report deals with clinical ob- 
servations and analyses of the roentgeno- 
logical features of 24 cases of dissecting 
aneurysm of the thoracic aorta, in an at- 
tempt to define the contribution of the 
plain chest roentgenogram and to evaluate 
the reliability, specificity, and interpreta- 
tion of various angiographic features. 


* From the Departments of Radiology,t Internal Medicine,t and Vascular and Thoracic Surgery,§ The Chaim Sheba Medical 


Center, Tel-Hashomer, Israel. 
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Fic. 1. Dissecting aneurysms of thoracic aorta of different patients. Plain chest roentgenograms and esopha- 
gograms. (4) Plain chest roentgenogram, frontal view. Widening of the aortic arch and disappearance of 
the aortic knob. (B) Esophagogram, frontal view. Elongated displacement of the esophagus (arrows) 
and trachea at the aortic arch level. (C) Esophagogram, lateral view. Elongated, segmental anterior dis- 
placement of the esophagus mainly below the level of the aortic arch (arrows). (D) Penetrated plain chest 
roentgenogram, frontal view. Widening of the descending aortic shadow (white arrows) and a prominent 
mediastinal paravertebral line (black arrows). 
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Fic. 2. Dissecting aneurysm Type 11 demonstrating dominant flow through the large false lumen, a narrowed 
true lumen and the exact localization of the re-entry. (4) Injection into the ascending aorta by the axillary 
route, early phase. The contrast material advances mainly in the laterally located dilated false lumen. Note 
the delayed opacification of the true lumen (arrow). (B) Later phase. Good visualization of both lumens 
separated by a linear radiolucency. The medially positioned true lumen is markedly narrowed. The 
exact site of re-entry cannot be recognized. (C) Catheterization of the abdominal aorta via the femoral 
artery demonstrates the exact site of re-entry (arrow). (D) Later phase. Disappearance of the dye from the 
false lumen with persistent opacification of the true lumen due to decreased flow and delayed washout in it. 


CLINICAL OBSERVATIONS by angiography, surgery, or autopsy. 
During the period 1960-1973, 24 cases of The cases were classified into types, ac- 
dissecting aneurysm of the thoracic aorta cording to the location of the primary tear 
were studied. The diagnosis was confirmed and the extent of the dissections, as de- 
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scribed by DeBakey et al.5 There were five 
cases of Type 1, three cases of Type 11 and 
13 cases of Type 111 dissection. Three other 
cases were atypical with a primary tear as 
in Type 11 but with extension of the dissec- 
tion proximal to the arch. 

The average age of the patients was 57 
years (range twelve-86). Seventeen pa- 
tients were between 40-65 years old. There 
were 18 males and six females. Except for 
two young females, all patients were hyper- 
tensive. The youngest female patient had 


Itzchak et al. 


NOVEMBER, 1975 





Fic. 3. Dissecting aneurysm Type 11 in a patient 
with absent pulses in the extremities, anuria, 
and paraplegia. (4) Thoracic aortography, 
early phase. Injection into the severely nar- 
rowed medially displaced true lumen. Note the 
medial displacement of the catheter, the trans- 
lucent line (arrows), the marked aortic insuff- 
ciency, and the good visualization of the coro- 
nary arteries. (B) Same injection later phase. 
The false lumen is also opacified. Note the 
medial position of the displaced catheter. (C) 
The injection at the aortic root did not demon- 
strate the right renal artery, therefore a second 
injection was performed at the level of the renal 
arteries demonstrating patency of both arteries. 


cystic medial degeneration, and in the 
other the diagnosis is yet unknown. Al- 
though six cases of Marfan’s disease, with 
the typical dilatation of the aortic bulb, 
were excluded from this series, these two 
young normotensive females were included 
as they did not conform with the typical 
angiographic characteristics of Marfan’s 
syndrome, and they presented some inter- 
esting angiographic features. 

The most common clinical sign was a 
sudden severe pain in the chest radiating to 
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Fic. 4. Dissecting aneurysm Type 11. The catheter passed the false lumen of the thoracic aorta and re- 
entered the true lumen at the arch. (4) Injection in the ascending aorta. Note the position of the catheter 
(left anterior oblique view) in the false lumen at the outer border of the aortic shadow (arrowheads). 
There is delay in the opacification of the false lumen. (B) Frontal view. Segmental narrowing of the true 
lumen (arrow) and delayed opacification of the laterally positioned false lumen. 


the back (eight cases). Severe abdominal 
pain was also present in seven patients, one 
of which was operated upon at another 
hospital for suspected acute appendicitis. 
In two of our patients the abdominal pain 
preceded the pain in the chest. 

Absence of peripheral pulsations was 
noted in five patients. A neurological deficit 
was present in five patients: paraparesis in 
three; a sensory and motor deficit in one 
leg in the fourth; and hemiplegia in the 
fifth patient. These neurological signs are 
ascribed to ischemia of the spine, peripheral 
nerves, or the brain.’ 

Burchell’ attempted to relate the site and 
extent of the dissection to the location and 
radiation of the pain. We were not able to 
correlate the clinical symptoms with the 
type and the extent of the dissection: pa- 
tients with Type 11 dissection had a va- 
riety of pain patterns, and the typical chest 
pain radiating to the back was encountered 
in all types of dissection. Hirst! also found 
that only 54 percent of patients with in- 
volvement of the descending thoracic aorta 
had pain in the back. Others reported that 
almost one-fourth of the patients with ab- 


dominal pain did not have any extension of 
the dissection below the diaphragm.!?:!:16 
Even signs of major vessel occlusion do not 
indicate the extent of the dissection with 
certainty: in one of our cases of Type 11 dis- 
section, femoral pulses were not palpable 
and the patient was paraplegic and anuric. 
Although the dissection did not extend be- 
yond the ascending aorta in this patient, 
the main aortic lumen was so severely com- 
pressed that distal perfusion was extremely 
low. It appears, therefore, that the clinical 
symptomatology is inadequate for firm 
anatomical conclusions, and angiographic 
information is essential. 


RADIOLOGIC OBSERVATIONS 


Plain chest roentgenograms were avail- 
able for evaluations in all patients, and 18 
patients underwent angiography. 

Our method of examination includes 
frontal and lateral roentgenograms of the 
chest followed, if possible, by fluoroscopy 
with a barium swallow examination, and 
comparison with previous roentgenograms 
if available. The angiographic catheter is 
introduced into the aortic arch percutane- 
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Fic. 5. Dissecting aneurysm Type 111. A medially 
located false lumen with decreased flow. The 
primary tear and the re-entry are demonstrated. 
(4) Angiocardiography with injection into the 
superior vena cava. Two aneurysmatic sacs are 
demonstrated distal to the left subclavian 
artery, but dissection cannot be recognized. 
(B) Arterial injection. As well as the two 
aneurysms, a false lumen is seen medially 
(arrows) originating at the distal segment of the 
aortic arch and re-entering the real lumen at the 
mid thoracic level. (C) Later phase. The con- 
trast material is washed out of the real lumen 
and persists in the false lumen. 


3 


ously by the Seldinger technique. The pro- from abnormalities in the contour of the 
cedure followed has been previously de- aorta seen on the plain chest roentgeno- 
scribed.}:2:15.19 gram, but usually the roentgenographic 
findings are nonspecific and cannot confirm 
or rule out the diagnosis.!"* In other cases 
Dissecting aneurysm can be suspected when a dissecting aneurysm is not even con- 


PLAIN CHEST ROENTGENOGRAM 
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Fic. 6. Dissecting aneurysm Type 111 with some 
proximal extension into the arch showing al- 
most complete occlusion of the true lumen and 
a partially thrombosed false lumen. (4) The 
true lumen is catheterized and contrast material 
is injected at the aortic root. The catheter de- 
scribes a closed loop at the arch separated from 
the outer border of the aortic shadow and is 
medially located. The real lumen is almost com- 
pletely occluded distal to the origin of the 
subclavian artery (arrow). (B) Two seconds 
later, contrast material appears in the false 
lumen. It does not completely fill the whole 
aortic shadow which is surrounded by a thick 
wall (arrows) representing thrombus within the 
false lumen. (C) The false lumen serves as the 
main conduit for blood. 
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Fic. 7. Dissecting aneurysm Type 111. In this young 
woman the plain roentgenogram of the chest 
showed a markedly widened descending aorta. 
Aortography showed the opacified descending 
aorta and the thrombosed false lumen (arrows). 


sidered on clinical grounds, the chest roent- 
genogram may be very valuable and 
provide the first clue for a correct diagnosis. 
This is particularly true in cases of chronic 
dissection. 

A common but not pathognomonic find- 
ing on the chest roentgenogram is a widen- 
ing of the mediastinum and the aortic 
shadow. This sign was seen in 20 out of our 
24 cases (Fig. 1). Comparison of successive 
roentgenograms is particularly useful in 
evaluation of changes in the configuration 
of the aorta. In four of our cases this in- 
formation contributed to the diagnosis. 

Obliteration of the aortic knob was seen 
in 21 out of 24 cases (Fig. 14). Blurring of 
the outer border of the aortic knob indi- 
cating involvement of the arch was seen in 
eight of these 21 cases (five cases of Type 1 
and three cases of Type 11 dissection ex- 
tending into the arch). 

Out of eight cases affecting the ascending 
aorta (five cases of Type 1 and three cases 
of Type 11) in three the ascending aorta ap- 
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peared widened. Unusual widening of the 
descending aorta contributed to the diag- 
nosis in three cases (Fig. 7). 

Left pleural effusion was observed in four 
patients, and in two a widened paraspinal 
shadow was seen (Fig. 1D). This latter 
feature in the presence of a dissection indi- 
cates probable leakage.!° 

On barium swallow examination the 
esophagus may be displaced anteriorly and 
to the right. This displacement appears as 
an elongated exaggeration of the normal 
aortic indentation on the esophagus, and 
was noted in six out of nine cases examined 
(Fig. 1, B and C). A shift of the trachea to 
the right may also be present and was seen 
in 14 cases (Fig. 1C). 

Displacement of the intimal calcification 
from the outer border of the aorta has been 





Fic. 8. Dissecting aneurysm Type 111. A segmental 
narrowing of the lumen of the descending aorta 
(black arrows) with a corresponding widening of 
the extraluminal shadow (white arrows). 
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described. However, in the present series 
only one out of 24 cases had such a calcifi- 
cation, and the interpretation of this sign 1S 
not always completely reliable.** Further- 
more, calcification of the aortic knob 1s 
rather rare in dissecting aneurysms, proba- 
bly because arteriosclerosis is not a major 
feature in these cases.’ 

In the differential diagnosis of patients 
suspected clinically of having a dissecting 
aneurysm, and displaying a widening of the 
mediastinal shadow, other vascular pathol- 
ogy of the aorta must be considered. An 
elongated and tortuous aorta secondary to 
arteriosclerosis and hypertension may cause 
widening of the aortic shadow or a double 
contour in the anteroposterior projection. 
Lateral roentgenograms with a barium 
swallow may help to differentiate this con- 
dition from dissecting aneurysm. The 
double contour in these cases is caused by 
a summation of shadows of the afferent and 
the efferent portions of the tortuosity. 

True aneurysms of the thoracic aorta 
(arteriosclerotic or luetic) will also cause a 
widening of the aortic shadow. However, 
in these cases the outline of the aortic 
border remains distinct, and if the aortic 
wall is calcified, a common feature of ar- 
teriosclerotic aneurysms, the calcification 
will be seen at the outer border.!:*¥ In any 
case of doubt angiography will clarify the 
real pathology. 


ANGIOGRAPHIC FINDINGS 


The angiographic diagnosis of dissecting 
aneurysm of the aorta depends on the dem- 
onstration of a double lumen within the 
aorta, one lumen representing the true and 
the other the false channel.':718 Angiog- 
raphy may indicate the extent of the defor- 
mation of the true channel, the flow or 
absence of flow in the false channel, and the 
presence or absence of aortic insufficiency. 
It may also indicate involvement of main 
branches:!”!8 however, such involvement 
may be present without angiographic 
evidence. 

The angiographic demonstration of two 
separate channels depends on the site of in- 
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Fic. 9. Dissecting aneurysm Type 111. The catheter 
is in the true lumen and displaced medially from 
the outer border (black arrowhead). The false 
lumen is markedly dilated and the true lumen is 
almost completely occluded (black arrows). Note 
the widened soft tissue shadow (white arrowhead) 
accompanying the ascending aorta in this left 
anterior oblique view, which is caused by superim- 
position of the superior vena cava and the right 
atrium. 


jection of the contrast material and on the 
presence and rate of flow in both channels. 
When the injection is proximal to the pri- 
mary tear and when there is flow in both 
lumens, a linear lucency may be seen within 
the opacified aorta delineating the outer 
border of the true lumen and the inner 
border of the false lumen (Fig. 28; and 
3A). The demonstration of this linear 
lucency is possible only when its direction is 
parallel to the roentgen-ray beam. 

When there is a difference in the rate of 
flow in the two channels, late appearance 
and delayed washout of the dye may be 
noted in the channel in which flow is de- 
creased (Fig. 2, 4 and B; and 48). It is 
generally assumed that the flow is de- 
creased in the false lumen.!:!8 However, 
this is not always the case, as the false 
luman may act as the main conduit for 
blood (Fig. 2, 4 and C). The false lumen is 
the outer of the two channels (Fig. 24; 4B; 
and 6B) except on very rare occasions 


(Fig. 5, B and C). 
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Fic. 10. Dissecting aneurysm Type 11 entering at the distal part of the ascending aorta and extending toward 
the aortic root. The catheter passed in the ascending aorta from the true lumen into the false lumen. 
(A) Frontal view. Injection into the false lumen demonstrates straightening of the medial border of the 
ascending aorta (arrows), non visualization of sinuses of Valsalva, and no washout. (B) Left anterior 
oblique position, late phase. Stagnation of the dye in the false lumen is apparent. 


When only one channel is opacified, be- 
cause of absence of flow in the false channel 
or because of injection of the dye distal to 
the primary tear, then the width of the 
outer extraluminal shadow may indicate 
the presence of a dissection. Normally the 
extraluminal shadow of the aorta 1s 3-5 mm 
wide. If larger (Fig. 7; and 8) it must be 
considered as an intramural hematoma.! 418 
It must be noted, however, that in the left 
anterior oblique projection a widened extra- 
luminal shadow may be seen at the outer 
border of the ascending aorta that is due 
not to dissection but to summation of the 
soft tissue shadows of the right atrium and 
the superior vena cava (Fig. 9). Segmental 
narrowing of the opacified lumen is an addi- 
tional indication of a dissection (Fig. 8). 

The width of the extraluminal shadow 
may also be indicated by the position of the 
catheter during the pressure injection of 
the contrast material.t When the catheter 
lies in the true lumen at the aortic arch, it 


tends to straighten out during the pressure 
injection of contrast material. The catheter 
then assumes the broadest possible curve 
and is sprung against the superior wall of 
the aortic arch. If the catheter does not 
reach the superior margin of the opacified 
lumen it can be assumed that a dissection 
is present and the motion of the catheter is 
restricted by the displaced intima (Fig. 35; 
and g). This situation occurs only when the 
true lumen is catheterized. If the false 
channel is catheterized and only it 1s 
opacified, then the width of the outer extra- 
luminal shadow will be normal and the po- 
sition of the catheter during the pressure 
injection will not be helpful (Fig. 4, 7 and 
B). In some of these cases, especially if the 
false lumen extends in the ascending aorta 
proximal to the site of the primary tear, the 
demonstration of a blind end with delayed 
washout will indicate that this single chan- 
nel is indeed the false lumen (Fig. 10, 4 
and £). 
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Another important indication of an in- 
jection into the false lumen at the aortic 
root 1s a peculiar straightening of the me- 
dial border of the opacified lumen because of 
compression by the true lumen (Fig. 104). 

Failure to opacify the sinuses of Valsalva 
also indicates injection into the false lu- 
men.!:7:!4 However, in the presence of a low 
primary tear the dye may escape from the 
false channel and the sinuses may be opaci- 
fied even when the catheter is in the false 
lumen. 

Although the type of dissection can often 
be judged on angiographic evidence, the 
exact location of the primary tear, or the 
site of re-entry when present, is only rarely 
located precisely. The location is sometimes 
facilitated by an additional injection of 
contrast material in the area that is as- 
sumed to contain the tear (Fig. 2, B and C; 
and 5B). 

Failure to visualize main branches of the 
aorta may be due to their involvement by 
the dissecting process, or to an extreme re- 
duction in pressure distal to a severe com- 
pression of the main lumen. In the latter 
case an additional injection near the origin 
of the non-visualized branch will opacify 
the main branches (Fig. 3C). 

Only two cases in this series had aortic 
insufficiency (Fig. 34). This relatively 
small proportion is probably due to the ex- 
clusion of cases with Marfan’s disease, in 
which usually the sinuses of Valsalva and 
the aortic leaflets are involved in the dis- 
secting process. 

In the present series, angiography was 
performed in 18 cases. In ten the diagnosis 
was made by demonstrating two channels: 
a linear lucency separating the two lumens 
was seen in six cases; and differences in the 
rate of flow were present in seven cases. 

In the other eight patients only one chan- 
nel was opacified. In seven cases the diag- 
nosis of dissection was based upon the pres- 
ence of widening of the extraluminal 
shadow. In two of these cases this was de- 
termined from the position of the catheter 
during pressure injection. In one case the 
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only indication for the presence of a dissec- 
tion was compression of the main lumen. 
This sign was also present in five other 
cases. 


Victor Deutsch, M.D. 
Department of Radiology 
Chaim Sheba Medical Center 
Tel-Hashomer, Israel 
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ROENTGENOLOGY OF SINUS OF 
VALSALVA ANEURYSMS* 


By STEVEN H. OMINSKY, M.D., and MORRIE E. KRICUN, M.D. 
PHILADELPHIA, PENNSYLVANIA 


ABSTRACT: 


Aneurysms of the sinuses of Valsalva are neither rare nor always fatal. They are 
of three types: congenital, acquired, and associated with cystic medial necrosis. 
Each can be recognized by its characteristic appearance on plain roentgenograms 
and arteriography. With surgical repair, the congenital type and that which is the 
result of cystic medial necrosis carry a good prognosis for the patient. With the ac- 
quired type, usually syphilitic, the prognosis with conservative management Is good. 


pei of Valsalva aneurysms were con- 
sidered to be rare lesions as recently as 
1s years ago. However, with the wide- 
spread use of angiocardiography, sinus of 
Valsalva aneurysms are now being diag- 
nosed frequently. In recent surgical re- 
views, three institutions have accumulated 
45, 35, and 26 cases of surgically corrected 
sinus of Valsalva aneurysms.*™:> Because 
many of these once fatal lesions are now 
surgically correctable and because they 
are, in fact not rare, it is vital that the 
radiologist be thoroughly familiar with the 
plain roentgenographic and angiographic 
findings of these aneurysms. Careful analy- 
sis of the plain roentgenograms may enable 
the radiologist to make the initial diagnosis 
and proceed to angiographic confirmation 
without delay. 

Aneurysms of the sinus of Valsalva have 
usually been divided into congenital and 
acquired types. Actually there are three 
groups of aneurysms: congenital; acquired; 
and associated with Marfan’s disease, due 
to cystic medial necrosis. Each type has a 
distinctive pathophysiology and a different 
roentgenographic appearance. The purpose 
of this paper is to review briefly the clinical 
findings and to describe in some detail the 
plain roentgenographic and angiographic 
findings of each type (Table 1). 


ANATOMY 


A proper understanding of the different 


types of aneurysm requires a knowledge of 
the anatomy of the sinuses. The sinuses are 
the hollow spaces bounded medially by the 
aortic valve cusps and laterally by the wall 
of the aorta which bulges at its baseë 
(Fig. 1). The coronary ostia arise from the 
aortic wall just above the sinuses. The right 
and left coronary arteries originate above 
the right and left coronary sinuses, respec- 
tively. The third sinus, located posteriorly, 
is called the non-coronary sinus. 

The sinuses are intracardiac in location 
(Fig. 24) and are intimately related to the 
four cardiac chambers and the pulmonary 
outflow tract (Fig. 2, B and C). The com- 
plexities of the sinus-cardiac chamber inter- 
relationships are superbly detailed by 
Sakakibara and Konno% and will not be 
repeated, but the following interrelation- 
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Fic. 1. Schematic cross section of the aortic root. 
The shaded areas represent the sinuses of Valsalva. 


* From the Department of Diagnostic Radiology, Hahnemann Medical College and Hospital, Philadelphia, Pennsylvania. 
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TABLE I 


CHARACTERISTICS OF SINUS OF VALSALVA ANEURYSMS 


0 a aaa a amama 











Congenital 
Unruptured Ruptured 
Pathology Localized developmental defect in a sinus 
Symptoms Asymptomatic Dyspnea, fatigability, 


sudden chest pain 


Aortic insufficiency or 
VSD murmur may be 


Clinical Findings 
sternal border 








present 
Plain Film Normal Increased size right heart 
Roentgenogram and pulmonary vascula- 
ture 
Aortography Small aneurysm. Wind- Contrast medium into 
sock shape right heart and pulmo- 
nary artery 
Surgery Resection of aneurysm and patching of defect 
Prognosis Good with surgery 


To-and-fro murmur left 





Marfans’—Cystic 


Medial Necrosis Acquired 





Unequal distribution and 
degree of involvement 


Generalized cystic medial 
necrosis 





Angina, dyspnea, sudden 
chest pain after rupture 


Angina, dyspnea 





Wide 


Diastolic murmur. 
pulse pressure 


Diastolic murmur, wide 
pulse pressure, may have 
Marfan’s phenotype 





Calcified masses adjacent 
to heart. Calcification as- 
cending aorta. Left ven- 
tricular enlargement 


Prominent ascending 
aorta. Left ventricular 
enlargement 





Large saccular aneurysms. 
Irregular inner wall con- 
tour. Aortic insufficiency 


Uniform dilatation of all 
sinuses. Small linear dis- 
sections. Aortic insufh- 
ciency 





Surgical correction very 
difficult 


Replacement of valve 
and ascending aorta 


May go long period with- 
out rupture. Usually die of 
congestive failure secon- 
dary to aortic insufficiency 


Good with surgery 


————————_-__—_—_—————————————————————— 


ships must be stressed. The right coronary 
sinus 1s adjacent to the pulmonary outflow 
tract, the crista supraventricularis of the 
right ventricle, and the anterior portion of 
the right atrium. The non-coronary sinus is 
adjacent to the right atrium and near the 
atrioventricular node and bundle of His. 
The left coronary sinus is covered only by 
pericardium in its mid and posterior por- 
tions, and the base of the left sinus is ad- 
herent to the anterior wall of the left ven- 
tricle.* The importance of these anatomic 
relationships will become clear when con- 
genital aneurysms and pathways of rupture 
are discussed. 


CONGENITAL ANEURYSMS 


Congenital aneurysms of the sinus of 
Valsalva are usually small, measuring less 
than 4 cm in diameter and involving only 
one sinus, although cases with multiple 
sinus involvement have been reported.?:!9.29 
Most aneurysms arise from the right sinus 
or the non-coronary sinus and rupture into 


the right atrium or right ventricle. Aneu- 
rysms arising from the left sinus were con- 
sidered to be extremely rare®”> but three 
cases were reported by DeBakey et al. Al- 
though there are many possible anatomic 
variations, four types comprise go percent 
of congenital aneurysms.” Aneurysms aris- 
ing from the left half of the right sinus and 
eroding into the outflow tract of the right 
ventricle comprise 50 percent of congenital 
aneurysms. Most of these aneurysms are 
associated with a membranous ventricular 
septal defect. Another 40 percent are 
equally divided among the following types: 
(1) aneurysms arising from the right half of 
the right sinus eroding into the membra- 
nous interventricular septum; (2) from the 
right half of the right sinus to the atrio- 
ventricular portion of the right atrium; and 
(3) from the anterior half of the non- 
coronary sinus to the atrioventricular por- 
tion of the right atrium. Associated cardio- 
vascular anomalies in addition to the ven- 
tricular septal defect include atrial septal 


$) 
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Fic. 2. (4) Schematic frontal plane cross section of heart demonstrating the intracardiac location of the 
aortic sinuses. (B and C) Cross sections at the atrial and ventricular levels corresponding to the planes 
of the arrows in 4 and demonstrating the relationship of the sinuses to the cardiac chambers. 

RC=right coronary sinus, NC=non-coronary sinus, LC=left coronary sinus, R.A.=right atrium, 
L.A. =left atrium, L.V.=left ventricle, R.V.=right ventricle. 


defect of the secundum type, coarctation of The etiology of the congenital lesion is 
the aorta, bicuspid aortic valve, patent thought to be the result of incomplete fu- 
ductus arteriosus, tetralogy, and persistent sion of the two halves of the distal bulbar 
left superior vena cava. septum. This is the structure that sepa- 
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rates the systemic and pulmonary halves 
of the bulbis cordis, the primitive exit tube 
of the fetal heart. Weakness secondary to 
an incompletely fused septum would pre- 
dispose the high pressure area of the sinuses 
to aneurysm formation. Similar deficiencies 
in fusion in the proximal bulbar septum and 
in the aortopulmonary septum can cause 
ventricular septal defects and aortic-pul- 
monary windows. The left aortic cusp does 
not arise from the bulbar septum as do the 
right and non-coronary cusps and this 
theory could explain the paucity of con- 
genital aneurysms from the left sinus.! 


CLINICAL FINDINGS 


Prior to rupture, patients are asymptom- 
atic, although clinical findings may be 
present. Murmurs of an associated ven- 
tricular septal defect or aortic insufficiency 
due to prolapsed or fibrotic valve cusps 
may be heard. Conduction defects may also 
be present if aneurysms impinge on the 
atrioventricular node or bundle of His. 
When rupture occurs there may be sudden 
chest pain, but more commonly exertional 
dyspnea and easy fatigability are the pre- 
senting symptoms." Some patients have 
ruptures without symptoms. Harsh to- 
and- fro murmurs are heard with maximum 
intensity at the left sternal border from the 
second to fourth interspace. Rupture usu- 
ally occurs in young adults with a male pre- 
dominance, but ruptures in the first decade 
have been reported." 

Surgical correction involves resection of 
the aneurysmal sac at its base with repair 
of the aneurysmal opening. It may be 
necessary to repair prolapsed cusps or re- 
place fibrotic cusps with a prosthetic valve. 
Prognosis following corrective surgery is 
very good. 


ROENTGENOGRAPHIC FINDINGS 


Plain Roentgenogram. Prior to rupture, 
patients have a normal chest roentgeno- 
gram. This is understandable since the in- 
tracardiac positioned sinus of Valsalva is 
usually normal in size or only slightly en- 
larged and the aneurysms are directed into 
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the right atrium or right ventricle. A re- 
ported case of unruptured aneurysm pro- 
truding into the right ventricular outflow 
tract produced marked decrease of the 
pulmonary vascularity on the plain chest 
roentgenogram." Only two cases of calcifi- 
cation in congenital aneurysm have been 
reported. In one there was a fine curvilinear 
calcification just to the right of the spine 
on the posteroanterior projection.” A sec- 
ond case of calcification in a sinus of Val- 
salva aneurysm projecting into the right 
atrium was thought to be a calcified atrial 
tumor on the preoperative plain chest 
roentgenogram.? 

After rupture occurs, there is a variable 
increase in size of the right heart, main 
pulmonary artery, and pulmonary vascula- 
ture, depending on the size of the shunt. 
Shunts at the atrial level result in right 
atrial and right ventricular enlargement. 
Ventricular shunts may also enlarge both 
right heart chambers (Fig. 3). Fluroscopy 
may show increased pulsations of the pul- 
monary vasculature. Following corrective 
surgery the heart returns to normal size. 

Aortography. The sinuses are best visual- 
ized in the left anterior oblique projection. 
There may be a globular enlargement of 
the sinus or a localized aneurysmal sac 
arising from the sinus. The sac frequently 
has a windsock type of configuration (Fig. 
4). Contrast medium enters a heart cham- 
ber, sometimes with a jet effect, resulting 
in opacification of the chamber and, on 
subsequent roentgenograms, opacification 
of the main pulmonary artery. Occasionally 
the sinus may appear normal and only 
opacification of a right heart chamber will 
occur. In this situation it is important to 
differentiate a perforation of the sinus from 
aortic insufficiency associated with mem- 
branous ventricular septal defect—a con- 
dition which would also opacify the right 
ventricle. 


ANEURYSMS OF THE SINUSES OF VALSALVA 
WITH CYSTIC MEDIAL NECROSIS WITH OR 
WITHOUT MARFAN’S SYNDROME 


Idiopathic cystic medial necrosis of the 
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aorta histologically is characterized by 
fragmentation and rarefaction of elastic 
fibers and mucoid degeneration in the aortic 
media. This results anatomically in dilata- 
tion of the aortic root and ascending aorta. 
The brachiocephalic portion of the aorta is 
normal. Patients with Marfan’s syndrome 
and aortic involvement have identical his- 
tologic and anatomic findings. A forme 
fruste of Marfan’s syndrome has been de- 
scribed in patients without the typical 
Marfan’s phenotype but with a familial 
history of Marfan’s syndrome and identical 





š = ; 3 
Fic. 3. (4) Twenty year old male with two week 
history of shortness of breath and pain over the 
precordium. Chest roentgenogram one year previ- 
ously was normal. Note the right atrial enlarge- 
ment and increased vasculature. (B) Aortography 
in left anterior oblique projection demonstrates a 
rupture of the right sinus (open arrow) into the 
right ventricle (black arrow). 


Roentgenology of Sinus of Valsalva Aneurysms 
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Fic. 4. Thirty-nine year old male with a four month 
history of progressive exertional dyspnea. Aorto- 
gram shows slight dilatation of the right sinus 
(black arrow) with a small aneurysm (open arrow). 
A jet of contrast material (curved arrow) flows 
into a dilated right atrium. 


anatomic and histologic findings at the 
aortic root.!®?8 Cystic medial necrosis with 
aneurysms of the sinuses have also been 
reported in the hereditary connective tissue 
disorders, Ehlers-Danlos syndrome,” and 
osteogenesis imperfecta.‘ All of the aneu- 
rysms in this group are indistinguishable 
pathologically and roentgenologically, al- 
though Marfan’s syndrome may also be 
associated with abnormalities of the mitral 
valve, pulmonary trunk, and pulmonary 
vasculature. 


CLINICAL FINDINGS 


Clinically these patients are young adults 
with exertional dyspnea, left ventricular 
failure, and precordial pain suggesting an- 
gina pectoris.!® Occasionally an enlarged 
heart discovered by a chest roentgenogram, 
or murmurs heard on a routine physical 
examination, will lead to further evaluation 
in asymptomatic patients. 

On physical examination the patients 
have a wide pulse pressure and a diastolic 
murmur due to aortic valve incompetence. 
Physical characteristics of Marfan’s syn- 
drome may or may not be present. 

The surgical treatment should consist of 
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Fic. 5. (4) Thirty-three year old male with Marfan’s 
syndrome. There are left ventricular enlargement 
and a mass overlying the superior right heart 
border (arrows). (B) Aortogram in left anterior 
oblique projection shows uniform dilatation of the 
sinuses and regurgitation into a dilated left ven- 
tricle. 


resection of the aneurysm and replacement 
with a tubular prosthetic graft, and aortic 
valve replacement with a rigid prosthetic 
valve. Free implantation of the right coro- 
nary artery into the graft may be necessary 
if the artery arises from the aneurysm.” 
Patients have a good prognosis with surgi- 
cal correction. 
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ROENTGENOGRAPHIC FINDINGS 


Plain Roentgenograms. The two charac- 
teristic findings in medial necrosis of the 
aorta are left ventricular enlargement and 
dilatation of the ascending aorta. If the 
aortic abnormality is confined to the 
sinuses, which are intracardiac, then the 
aorta will usually show no abnormality on 
the plain roentgenogram, although left 
ventricular enlargement will still occur be- 
cause of aortic insufficiency. Marked en- 
largement of the sinuses without aortic 
dilatation will produce a localized mass at 
the upper right heart border (Fig. 5). The 
extent of prominence of the ascending aorta 
depends on the extent of the aneurysmal 
aortic dilatation. In cases of extreme dilata- 
tation, the right heart silhouette forms an 
uninterrupted curve with the ascending 
aorta (Fig. 64), and this configuration is 
usually associated with aorta dissection.® 
In some cases prominence of the ascending 
aorta 1s detected only on left anterior 
oblique and lateral views, especially in pa- 
tients with Marfan’s disease with kypho- 
scoliosis and levoposition of the heart. 
Calcification of the sinuses has not been 
reported but has been observed in the 
ascending aorta associated with chronic 
dissection of the aorta. 

As Eisen and Elliott® have observed, 
chest roentgenograms of patients with 
medial necrosis are frequently misinter- 
preted as representing rheumatic or con- 
genital aortic valve disease. In medial ne- 
crosis, however, the ascending aorta is 
much larger than in rheumatic or con- 
genital aortic valve incompetence. In addi- 
tion, patients with medial necrosis do not 
have left atrial enlargement which would 
be expected in many cases of rheumatic 
heart disease. 

Aortography. The characteristic findings 
at aortography are dilatation of all three 
aortic sinuses and aortic valve incompe- 
tence. The aorta above the sinuses may be 
normal or there may be dilatation. This 
may become so extensive that the aortic 
sinuses become effaced and no longer dis- 
cernible (Fig. 68). There is equal dilatation 
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of each sinus with smooth symmetric dila- 
tation of the ascending aorta. The sym- 
metric dilatation is understandable since 
the pathologic process of medial necrosis 
involves the whole circumference of the 
aorta, unlike the localized defect of con- 
genital aneurysm or the unequally dis- 
tributed disease of acquired aneurysm. 

Although dilatation may be limited 
roentgenographically to the sinuses in some 
patients with Marfan’s syndrome and cys- 
tic medial necrosis, it should not be thought 
that the disease process is confined to the 
sinuses. A generalized process of the as- 
cending aorta is present even though the 
gross morphological changes have occurred 
only at the sinuses. 

Dissection is a frequent angiographic 
finding and usually has an atypical appear- 
ance.® Thin radiolucent lines arising from 
the aortic walls most frequently originating 
just above the aortic valve cusps represent 
thin flaps of tissue fragmented from the 
aortic wall. Even though a dissection is 
present, the smooth contour and symmetric 
dilatation of the aortic wall are maintained. 
Less commonly, dissection is diffuse and 
indistinguishable from dissection associated 
with hypertension or trauma. This diffuse 
type of dissection may extend beyond the 
aortic arch to involve the descending tho- 
racic and abdominal aorta, and may also 
calcify. 


ACQUIRED ANEURYSMS 
CLINICAL FINDINGS 


Acquired aneurysms may be due to 
atheromatous degeneration of the aortic 
root, syphilitic aortitis, or nonsyphilitic in- 
fectious aortitis. The aneurysm per se usu- 
ally produces no symptoms unless rupture 
occurs. Since syphilitic aneurysms attain a 
large size, extracardiac rupture and sudden 
death can occur. Rupture can also occur 
into the right atrium, right ventricle, and 
pulmonary artery, resulting in a left-to- 
right shunt which may not be immediately 
fatal. Aortic valve insufficiency which al- 
most always accompanies syphilitic aneu- 
rysms, and which is less frequently asso- 
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Fic. 6. (4) Forty-two year old male with Marfan’s 
syndrome, Posteroanterior chest roentgenogram 
demonstrates left ventricular enlargement and 
marked prominence of the ascending aorta forming 
a continuous curve with the right heart border. 
(B) Anteroposterior aortogram shows marked 
symmetric dilatation of all sinuses and ascending 
aorta with effacement of the sinuses. Note the 
smooth inner walls of the aorta. 


ciated with atheromatous aneurysms, even- 
tually results in symptoms of congestive 
failure. In syphilitic patients the cause of 
death is usually congestive failure due to 
valve disease rather than rupture of an 
aneurysm. Patients may survive for long 
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Fic. 7. (4 and B) Seventy-two year old male with a history of syphilis. There is a large calcified mass 
extending superiorly and to the left. There are left ventricular enlargement and calcification of a dilated 
left sinus (arrows). At aortography there was a large aneurysm filled with thrombus extending from the 


left sinus. 


periods of time with large syphilitic aneu- 
rysms if their failure can be controlled 
medically.!® Atheromatous aneurysms may 
also remain unchanged for many years. 





Fic. 8. Diagram of a posteroanterior chest roentgeno- 
gram, demonstrating potential location for extra- 
cardiac acquired aneurysms. The base of each 
arrow shows the specific site of origin in the sinuses 
for the different aneurysm masses. 

R=right coronary sinus, L= left coronary sinus, 
NC=non-coronary sinus. 


Occasionally precordial pain is a presenting 
symptom in patients with acquired aneu- 
rysms, presumably due to occlusion of 
coronary ostia by large aneurysms. Clini- 
cally, diastolic aortic murmurs and wide 
pulse pressures occur, and machinery 
murmurs are heard after rupture. 

Since surgical correction of syphilitic 
aneurysms is difficult and since rupture 
may not occur for many years, conservative 
medical management is recommended. 


ROENTGENOGRAPHIC FINDINGS 


Plain Roentgenogram. Syphilitic aneu- 
rysms may be present for many years, so 
it is not surprising that they can attain a 
very large size and produce masses that are 
extracardiac in location (Fig. 7, 4 and B). 
The site of origin of the aneurysm can 
usually be predicted by the location of the 
mass!’ (Fig. 8). Aneurysms arising from the 
right sinus project anteriorly and can be 
best seen on the lateral roentgenogram. 
They may also cause erosion of the ster- 
num.!*° Aneurysms from the anterior por- 
tion of the non-coronary sinus project 
anterolaterally to overlie the right atrium. 
Aneurysms from the posterior portion of 
the non-coronary sinus extend toward the 
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left atrium. Aneurysms from the anterior 
left sinus extend beyond the pulmonary 
outflow tract. Aneurysms from the pos- 
terior left sinus extend superiorly and to the 
left in the posteroanterior projection. Un- 
like congenital aneurysms, syphilitic aneu- 
rysms occur with equal frequency in each 
sinus. Atheromatous aneurysms occur more 
frequently in the right sinus. 

In addition to a large mass, calcification 
is a hallmark of acquired aneurysms. 
Syphilitic aneurysms have extensive calcifi- 
cation of the ascending aorta and aneurys- 
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Fic. 9. (4) Sixty-two year old asymptomatic 


female with negative serology. Note calcifica- 
tion of an enlarged right sinus (arrow). (B) 
Lateral view. There is calcification of both the 
right sinus (black arrow) and left sinus (open 
arrow). (C) Aortogram confirms dilatation of 
the right sinus, and demonstrates aortic valve 
incompetence. (Courtesy of William Connolly, 
D.O., Pottsville, Pennsylvania.) 


mal mass. Aneurysms may be misdiagnosed 
as calcified dermoids, if the ascending aorta 
is not carefully evaluated." A calcified sub- 
annular aneurysm of the left ventricle can 
also simulate a syphilitic aneurysm.” If the 
aneurysm is small and no extracardiac mass 
is present, the calcification may extend into 
the heart and outline a dilated sinus or 
sinuses. Atheromatous aneurysms calcify,?° 
but the calcification is usually less extensive 
than syphilitic aneurysms (Fig. 9, 4 and 
B). Left ventricular enlargement is almost 
always present with syphilitic aneurysms, 
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but is less likely to occur with atheromatous 
aneurysms. Although not yet reported, 
rupture into the lesser circulation should 
result in enlargement of the right heart and 
pulmonary vasculature. 

Aortography. Dilatation of the ascending 
aorta and saccular aneurysms of the sinus 
are seen in the syphilitic type. Since there 
is usually unequal extent of involvement 
pathologically with syphilitic aortitis, the 
symmetric dilatation of cystic medial ne- 
crosis is not present. Instead, there are 
marked irregularities of contour, and throm- 
bus formation may prevent much of the 
aneurysm from filling with contrast ma- 
terial. In some cases the extent of the 
aneurysm may be estimated only by the 
location of its calcified wall. Atheromatous 
aneurysms may be quite smooth (Fig. 9C), 
and are usually smaller than syphilitic 
aneurysms. Angiographic visualization of 
syphilitic aneurysm rupture into the lesser 
circulation has not yet been reported. 
Aortic regurgitation is usually present in 
acquired aneurysms. 


SUMMARY 


The different types of aneurysms of the 
sinus of Valsalva are discussed along with 
a brief description of the anatomy of the 
sinuses. The clinical, plain roentgeno- 
graphic, and angiographic findings which 
differentiate the different types of aneu- 
rysms are stressed. 


Steven H. Ominsky, M.D. 

Department of Diagnostic Radiology 
Hahnemann Medical College and Hospital 
230 North Broad Street 

Philadelphia, Pennsylvania 19102 


REFERENCES 


i. Barrett, S Hetwie, J., Jr., Kay, C. Fao and 
Jounson, J. Cine-aortographic evaluation of 
aortic insufficiency. Ann. Int. Med., 1964, 67, 
1071—1083. 

2. Björk, V. O., and Epuac, O. Aortic sinus 
aneurysm. Scand. F. Thoracic & Cardiovasc. 
Surg., 1972, 6, 136-139. 

3. CLEVELAND, R. J., NeLrson, R. J., NEDELMAN, 
A. L., Crirey, M., and Lippmann, M. Surgi- 


cal management of multiple aneurysms of 


Steven H. Ominsky and Morrie E. Kricun 


Li; 


14. 


ae 


16. 


17. 


18. 


NOVEMBER, 1975 


sinuses of Valsalva. 4.M.A. Arch. Surg., 1971, 
103, 44-47. 


. Criscire.Lo, M. G., Ronan, J. A., JR., BESTER- 


MAN, E. M. M., and ScHoENWETTER, W. 
Cardiovascular abnormalities in osteogenesis 
imperfecta. Circulation, 1965, 37, 255-262. 


. Davipsen, G., PETERSEN, O., and THomseEn, G. 


Roentgenologic findings in five cases of con- 
genital aneurysm of aortic sinuses (sinuses of 
Valsalva). Acta radiol., 1958, 49, 205-217. 


. DeBakey, M. E., Dreruricn, E. B., Lippicoat, 


J. E., Kinarp, 5. A., and Garrett, H. E. 
Abnormalities of sinuses of Valsalva. 7. 
Thoracic & Cardiovasc. Surg., 1967, 54, 312- 
332. 


. Epwarps, J. E., and Burcue.t, H. B. Patho- 


logical anatomy of deficiencies between aortic 
root and heart, including arotic sinus aneu- 
rysms. Thorax, 1957, 12, 125-139. 


. Ersen, S., and Extrorr, L. P. Roentgenology 


of cystic medial necrosis of ascending aorta. 
Radiol. Clin. North America, 1968, 6, 437-449. 


. Error, R. S., WoLBRINK, A., and EDWARDS, 


J. E. Congenital aneurysm of left aortic sinus: 
rare lesion and rare cause of coronary insuff- 
ciency. Circulation, 1963, 28, 951—957. 


. Lowers, N. C., Horan, L. G., and COPELAND, 


G. D. Congenital aneurysms of all three 
sinuses of Valsalva with rupture in asymp- 
tomatic patient. 4m. J. Med., 1966, 40, 642- 
650. 

Harris, E. J. Aneurysms of sinus of Valsalva. 
Am. J. RoENnTGENOL., Rap. THERAPY & 
NucLeEAaR MED., 1956, 76, 767-772. 


. Heppner, R. L. Basgsgir, H. I., and BIANCHINE, 


J. W. Aortic regurgitation and aneurysm of 
sinus of Valsalva associated with osteogenesis 
imperfecta. Am. J. Cardiol., 1973,31, 654-657. 


. Howarp, R. J. Mover, J. C., CASTANEDA, A., 


Varco, R. L., and Nıcororr, D. M. Surgical 
correction of sinus of Valsalva aneurysm. 7. 
Thoracic & Cardiovasc. Surg., 1973, 66, 420- 
427. 

Jones, A. M., and Lanctey, F. A. Aortic sinus 
aneurysms. Brit. Heart F., 1949, ZI, 325-341. 

Kakos, G. S., Kırman, J. W., Wituiams, T. E., 
and Hosier, D. M. Diagnosis and manage- 
ment of sinus of Valsalva aneurysm in chil- 
dren. Ann. Thoracic Surg., 1974, 17, 474-478. 

KEENE, R. J., Srerner, R. E., OLsen, E. J. G., 
and OaKLEY, C. Aortic root aneurysm— 
radiographic and pathologic features. C/in. 
Radiol., 1971, 22, 330-340. 

McLaren, J. R., and Bayın, G. J. Two cases 
of aneurysms of sinus of Valsalva with inter- 
esting roentgen changes. Radiology, 1958, 70, 
362-367. 

Merten, C. W. Finsy, N., and STEINBERG, I. 
Antemortem diagnosis of syphilitic aneurysm 


VoL. 125, No. 3 


1g 


20. 


21, 


22. 


23. 


24. 


of aortic sinuses. 4m. J. Med., 1956, 20, 345- 
360. 

Ostrum, H. W. Rosinson, B. D., Nicuots, 
C. F., and Wipmann, B. P. Aneurysms of 
aortic sinuses or sinus of Valsalva. Am. J. 
ROENTGENOL. & Rap. THERAPY, 1938, 40, 
828-8 37. 

REINKE, R. T., CoeL, M.N., and Hiccens, C. B. 
Calcified nonsyphilitic aneurysms of sinuses 
Valsalva. Am. J. ROENTGENOL., Rap. THER- 
APY & Nucitear MED., 1974, 122, 783-787. 

Ross, D. N., Frazier, T. G., and GONZALEZ- 
Lavin, L. Surgery of Marfan’s syndrome and 
related conditions of aortic root (annulo- 
aortic ectasia). Thorax, 1972, 27, 52-57. 

RowLey, J. C., and Hormes, R. B. Sinus of 
Valsalva aneurysms. 7. Canad. A. Radiolo- 
gists, 1965, 16, 254-261. 

SAKAKIBARA, S., and Konno, S. Congenital 
aneurysm of sinus of Valsalva: anatomy and 
classification. 4m. Heart F., 1962, 63, 405-424. 

STEINBERG, Í., and GELLER, W. Aneurysmal 
dilatation of aortic sinuses in arachnoidactyly: 


Roentgenology of Sinus of Valsalva Aneurysms 


25. 


26. 


a 


28. 


29. 


581 


diagnosis during life in three cases. Ann. Int. 
Med., 1955, 43, 120-132. 

Tacucul, K., Sasaki, N., Matsuura, Y., and 
Uemura, R. Surgical correction of aneurysm 
of sinus of Valsalva. 4m. 7. Cardiol., 1969, 23, 
180-IgI. 

Tuoms, N. W., Wilson, R. F., Puri, P., and 
ARBULU, A. Cricular calcification in mediasti- 
num. Chest, 1973, 63, 425-426. 

Tucker, D. H., Mitter, D. E., and Jacosy, 
W. J. Ehlers-Danlos syndrome with sinus 
of Valsalva aneurysm and aortic insufficiency 
simulating rheumatic heart disease. 4m. F. 
Med., 1963, 35, 715-720. 

Weaver, W. F., Epwarps, J. E., and BRANDEN- 
BERG, R. O. Idiopathic dilatation of aorta with 
valvular insuthciency: possible forme fruste 
of Marfan’s syndrome. Proc. Staff Meet. Mayo 
Clin., 1959, 34, 518-522. 

Yacous, M. H., Lise, M., and Murr, J. Aneu- 
rysms of two sinuses of Valsalva with ventricu- 
lar septal defect and aortic regurgitation. 
Brit. Heart F., 1969, 37, 661-663. 


NOVEMBER, 1975 


ANGIOGRAPHIC FEATURES OF 
CIMINO-BRESCIA FISTULAS* 


By JAN GOTHLIN, M.D., and ERIC LINDSTEDT, M.D. 
LUND, SWEDEN 


ABSTRACT: 


Forty-four patients with operatively created arteriovenous fistulas have been 
examined angiographically. Widening of the main arteries of the forearm was evi- 
dent, the most pronounced widening occurring in the artery feeding the fistula. 
Stenosis of the arteries or veins seldom influenced the flow significantly. Blood from 
the fistula was often partly or totally directed into the hand. In nine patients 
filling of deep veins was evident, and in most of these cases big fistulas were present. 
A rough estimate of the blood supply to the hand indicated poor supply in eight 
patients of which only one had symptoms of ischemia. 

Brachial angiography is of value in estimation of the blood flow in fistulas, when 
cannulation of veins is difficult, when thrombosis is suspected, or when a new 
fistula is planned after decreased function of an old one. 


AVGIOGRAPHY is a readily available 
examination for evaluation of opera- 
tively constructed arteriovenous shunts 
and fistulas. Several reports have appeared 
regarding Quinton-Scribner shunts, but the 
angiographic features of Cimino-Brescia 
fistulas have been described more exten- 
sively in only one report, coming from our 
hospital.’ As the number of angiographic 
examinations is now more than doubled, a 
more quantitative analysis is possible and 
is considered worth reporting. 


MATERIAL AND METHOD 


In our hospital arteriovenous fistulas 
have been constructed for hemodialysis or 
intravenous therapy in about 400 patients 
during an eight year period. We use the 
surgical technique described by Brescia eż 
al) with some modifications.‘ Forty-four 
of these patients, 29 males and 15 females 
with an age range of 24-85 years (mean 53 
years), have been examined by angiography 
49 times. The interval between operation 
and angiography was one week to two 
years. Of the examined anastomoses 32 
were side-to-side, eight end-to-side (artery 
to vein), one side-to-end (artery to vein), 
one directly end-to-end, and three end-to- 


end with interposed vein grafts. The ves- 
sels involved are presented in Table 1. 

The usual reason for the angiographic 
examination was difficulty in cannulation 
of the arterialized veins, but in some cases 
it was that local or general circulatory 
symptoms indicated large fistula flow. In 
the latter cases the angiography was com- 
bined with flow studies using a dye-dilution 
technique, the results of which will be re- 
ported elsewhere. 

The examination technique has varied 
somewhat. In most cases retrograde percu- 
taneous catheterization of the brachial ar- 
tery was performed just above or at the 
elbow level. After application of local 
anesthesia, a polyethylene catheter (PE 
160, ID/OD 1.14/1.57 mm) with a length 
of about 20 cm was introduced. Ten to 
twenty ml meglumine metrizoate (Isopague 
Cerebral, Nyegaard, Norway) were in- 
jected by hand or by a high pressure 
syringe. The usual series was ten films for 
five seconds using an Elema-Schonander 
cut film changer. In some cases one series 
in anteroposterior projection was obtained 
with compression of the veins of the upper 
arm using a blood pressure cuff inflated to a 
pressure of 30 mm Hg and manual com- 


* From the Departments of Diagnostic Radiology and Urology, University of Lund, S-221 85 Lund, Sweden. 
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TABLE Í 


Vessels Anastomosed No. of Patients 


Radial artery—cephalic vein 33 
Radial artery—subcutaneous 4 (one with a graft) 


vein 
Radial artery—basilic vein 1 (with graft) 
Ulnar artery —basilic vein 3 
Ulnar artery —subcutaneous_ 1 (with graft) 
vein 


pression of the axillary artery. One series 
in lateral projection without compression 
was made. 

The measurements of vessel diameters 
and fistula widths have been made on films 
obtained without compression, the geo- 
metric magnification being about 1.1. 


RESULTS 


The mean diameter of the radial artery 
at its origin was 6.2 mm (range 3.0-I1.0, 
S.D. 1.98 mm), decreasing to a mean of 
5.2 mm (2.0-9.0, S.D. 1.69) 2 cm proximal 
to the fistula. In 18 roentgenograms there 
was flow into the radial artery distal to the 
fistula, the mean diameter being 3.8 mm 
(2.0-7.0, S.D. 1.21). The mean diameter of 
the ulnar artery at its origin was 4.3 mm 
(2.0-10.5, S.D. 1.76) and the mean of the 
interosseous artery 3.3 mm (1.5-8.0, S.D. 
1.39). There were few normal brachial 
angiograms available in the files of this 
hospital and examination of the contra- 
lateral arm was not performed; thus no 
normal values can be presented. 

The mean diameter of the anastomosed 


TABLE II 


FUNCTION OF ARTERIES TO THE HAND 








Arteries Filled No. of Patients 





Radial+ulnar+interosseous I 
Radial-+interosseous 

Radial+ulnar 

Radial 

Ulnar-+interosseous 

Ulnar 

Not possible to determine 
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Fıc. 1. Bridge graft of the saphenous vein interposed 
between the radial artery and the basilic vein. 
Despite the irregularities in the fistula and the 
stenosis of the artery close to it there is a good flow 
in the arterialized vein. 


vein (or the main channel when more than 
one vein was dilated) 2 cm proximal to the 
fistula was 7.1 mm (3.0-10.5, S.D. 2.28), 
distal to the fistula 6.0 mm (2.3-11.0, 
S.D. 2.41). The width of the fistula was 
difficult to measure in some cases, but in 
the 19 measured patients the mean was 
2.5 mm (0.5-10.0, S.D. 3.42). There was 
stenosis of the feeding artery (two ulnar 
arteries) proximal to the fistula (Fig. 3) in 
15 patients and distal to the fistula in three 
(Fig. 5). Stenosis of the main vein proximal 
to the fistula (Fig. 8) was evident in seven 
patients, distal to the fistula in ten (Fig. 6). 
Occlusion of the feeding artery (Fig. 13) 
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Fic. 2. Side-to-side fistula between the radial artery 
and a small volar vein. The shunt is functionally 
an end-to-end one. Twenty weeks after opera- 
tion there are two dilated, tortuous veins. 


was encountered in two patients and oc- 
clusion of the main vein in three patients 
(Fig. 6). The number of dilated venous 
channels varied from one to more than 
five, and in most cases the anastomosed 
vein showed the most pronounced dilata- 
tion. In eleven patients there were dilated 
veins only in the arm, in 28 in both arm 
and hand (Fig. 4), and in two only in the 
hand. The arterial supply of the hand, 


roughly estimated, was good in 25 angio- 


Jan Gothlin and Eric Lindstedt 
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grams, decreased in nine, bad in eight, and 
was not possible to evaluate in seven angio- 
grams (Table 1). Only one of the eight 
patients classified as bad had clinical evi- 
dence of a poor blood supply. 

The circulation time in the artery feeding 
the fistula and the emptying time of the 
main draining vein are presented in Table 





=y 


Fıc. 3. Radial artery and cephalic vein anastomosed 
side-to-side. Due to incompetent valves, blood is 
flowing both distally and proximally. This is the 
most common flow pattern encountered in our 
material. 
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TABLE III 


THE FLOW RATE IN ARTERIES AND VEINS 

















Artery Time (sec.) No. of Patients 
Elbow—fistula = Oe 17 
<—150 2 
>ð 2 
Py Fe I 
Vein 
Fistula—elbow <0.5 8 
nA 4 
>10 3 





11. The low arterial flow rate in five pa- 
tients was due to severe arterial stenosis 
with a functioning fistula or to a non- 
functioning fistula with impairment of the 
artery. The decreased flow in the main 


TABLE IV 


MORPHOLOGY AND POSSIBLE FUNCTION 
OF CIMINO-BRESCIA SHUNTS 








A. Anatomical side-to-side anastomosis 
1. Functionally end-to-side 
No contrast medium distally in the artery 
Contrast medium in both directions in the vein 
2. Functionally end-to-end 
No contrast medium distally in artery or vein 
No contrast medium distal artery or proximal 
vein 
3. Functionally side-to-end 
Contrast medium proximally and distally in 
artery 
No contrast medium distally in vein 
No contrast medium proximally in artery 


B. Anatomical end-to-end 
1. Direct anastomosis artery-vein 
2. Graft artery-vein 


C. Anatomical end-to-side 
1. Functional end-to-side 
No contrast medium distally in artery 
2. Functional end-to-end 
No contrast medium distally in vein 
No contrast medium proximally in vein 


D. Anatomical side-to-end 
1. Functional side-to-end 
Contrast medium distally in artery 
2. Functional end-to-end 
No contrast medium proximally in artery 
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Fic. 4. Anastomosis side-to-side between the radial 
artery and the cephalic vein with blood flowing 
mainly distally in the veins. Abundant arterial 
and venous collaterals and filled deep veins 
(arrows). Stenosis of the cephalic vein proximal to 
the anastomosis and dilatation distal to it. 


draining vein in three patients was due to 
severe stenosis or thrombosis, except for 
one case where all blood from the fistula 
was directed into the hand. 

Schematically the shunts can be divided 
according to the morphology and function 
as presented in Table 1v. The most com- 
mon type of anastomosis was side-to-side 
between the radial artery and the cephalic 
vein, usually appearing to be an end-to- 
side anastomosis (Fig. 3). The second most 
commonly occurring was the same anasto- 
mosis with all four limbs filled but only 
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Fic. 5. Radial artery and cephalic vein anastomosed 
side-to-side. No flow proximally in the cephalic 
vein. Retrograde flow in dilated veins in the hand. 
Note the collateral supply from the ulnar artery. 


small amounts of blood in the distal part of 
the artery (Fig. 4). 

It was not uncommon for the blood in 
side-to-side fistulas to empty mainly in the 
distal direction of the vein (Fig. 5; 6; and 
10). Such was the case in almost all the 
nine patients where deep veins of the hand 
and the arm were filled (Fig. 4; and 10). 
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DISCUSSION 

The patients studied by angiography are 
selected, and the material is not representa- 
tive of ordinary well-functioning fistulas. 
In spite of this, some general information 
is given about the angiographic pattern in 
patients with this type of fistula. Even if no 
normal material is available, it is obvious 
that the artery feeding the fistula is wid- 
ened. The artery has also a fairly uniform 
diameter from its origin to the fistula, and 
the normal tapering-off is absent. Dilata- 
tion of the artery proximal to the fistula is a 
well known phenomenon, although the 
exact mechanism of its development is un- 
known. Aneurysmal degeneration of the 
artery, known from other types of arterio- 
venous fistulas, has been observed in one 
of our patients. 

The artery distal to the fistula was some- 
times filled by collaterals from the ulnar 





Fic. 6. Side-to-side anastomosis radial artery to 
cephalic vein with poor function of the fistula. 
Blood flows only distally in the severely stenosed 
vein into the hand and through a superficial vein 
with severe stenosis at its origin. No impairment 
of the arterial blood flow. 
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(Fig. 7) or interosseous (Fig. 8) artery. 
Non-filling of this part of the artery might 
indicate obstruction of the artery but is 
more probably a sign of retrograde flow to- 
ward the fistula as has been observed in 
patients studied by other techniques.’ In 
patients with small fistulas the artery distal 
to the fistula was filled in the normal direc- 
tion. 

In several cases even the other main 
arteries of the arm seem to be dilated, and 
their form is changed. These signs of in- 





Fic. 7. Well functioning fistula between radial artery 
and cephalic vein (side-to-side). There is abundant 
collateral supply from the dilated ulnar artery. 
There is a pronounced dilatation of the radial 
artery. 
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Fic. 8. Anastomosis side-to-side between the radial 
artery and the cephalic vein. No blood flow distally 
in the vein. There is an extensive collateral circu- 
lation from the grossly dilated interosseous artery. 


creased blood flow indicate that the blood 
supply to the hand is taken over by these 
arteries, which can be clearly demonstrated 
in some cases (Fig. 7; and 8), and also of 
“steal” by the fistula from collateral ar- 
teries.‘ 

Dilatation of the arterialized veins, even- 
tually even venous aneurysms, are also 
well known and are evidently caused by 
the turbulence of blood flow. Like other 
authors® we have found the venous aneu- 
rysms just opposite the fistula (Fig. 4). 

In most cases only one single venous 
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Fic. 9. Saphenous vein graft between radial artery 
and basilic vein. Well functioning anastomosis. 
Irregular narrowing of vein lumen (arrow). 


channel was widened, even if several super- 
ficial veins were filled. In other cases sev- 
eral veins were dilated and were also used 
for cannulation. 

Kaude and Lindstedt? found no filling of 
deep veins in the arm. In the present ma- 
terial, filling of deep veins has been ob- 
served in several cases, mainly in the hand 
but also in the arm (Fig. 4; and 10). The 
veins accompanying the interosseous ar- 
tery are most often filled. Filling of deep 
veins was found in some cases where the 
blood flow from the fistula was mainly into 
the peripheral branch of the fistula vein. 
Deep veins in the forearm were most ap- 
parent in two cases with huge edematous 
swelling of the whole arm. In these patients 
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several superficial veins in the middle third 
of the forearm were thrombosed. In these 
cases the superficial venous pressure was 
evidently so high that the valves of com- 
municating veins to the deep system were 
made incompetent. 

Stenosis of the artery just proximal to 
the fistula may be due to improper surgical 
technique, to perivascular scarring, or to 
angulation of the artery due to elongation. 
Such arterial stenosis impaired blood flow 
significantly in only one case (Fig. 12). 

Stenosis of the central vein a few mm 
proximal to the fistula has been observed by 
several authors, and it occurs frequently in 
our material. It can be observed even at the 
fistula operation. It is probably caused by 
venous spasm at the site of temporary oc- 





Fic. 10. (4) Non functioning shunt due to venous 
thrombosis. No evident impairment of arterial 
flow. (B) Partial recanalization of the distal part 
of the veins some weeks later. Note the deep 
veins along the radial artery. 
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clusion during operation. Negative pres- 
sure in this limb of the fistula? may con- 
tribute. More careful surgical technique 
and cutting the adventitia of the vein in 
this area seem to diminish the tendency to 
development of this stenosis. Even venous 
stenosis seems not to have great influence 
on fistula flow. 

Poor function of a fistula was most often 
due to changes in the fistula itself. Re- 
peated cannulation of the arterialized 
veins was tolerated well in most cases but 
could occasionally lead to poor function. 

Non-function of a fistula was due to 
thrombosis of the feeding artery (Fig. 13) 
or the emptying vein (Fig. 6). A new shunt 
could be created using the ulnar artery and 
the basilic or other vein. A graft using a 


Fic. 11. (4) Side-to-side anastomosis between radial 
artery and cephalic vein. Three limbs at the anas- 
tomosis are filled. Moderate stenosis of the radial 
artery proximal to the shunt. (B) Thrombosis in 
the upper part of the cephalic vein, demonstrated 
by selective catheterization and injection. 
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Fic. 12. Anastomosis side-to-side between radial 
artery and hypoplastic vein with some blood going 
distally in veins. 


piece of the great saphenous vein (Fig. 9) 
was sometimes installed. 

Venous compression and digital occlu- 
sion of the axillary artery were performed 
in an attempt to give more detailed in- 
formation of the anatomy, especially at the 
region of the anastomosis. These factors 
were only occasionally of significant value. 

Brachial angiography is a simple method 
for study of the morphology of Cimino- 
Brescia fistulas and for obtaining a crude 
estimate of the fistula flow. More elaborate 
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Fic. 13. Side-to-side anastomosis between radial 
artery and cephalic vein with thrombosis of the 
radial artery proximal to the fistula. The distal 
part of radial artery is filled by retrograde flow 
from the ulnar artery. The fistula is functioning 
but the patient experienced pain at hemodialysis, 
indicating ischemia. 


flow studies can easily be performed in 
connection with the angiography using a 
dye-dilution technique.? The angiographic 
examination is not painful as most of the 
contrast medium is diverted through the 
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fistula and thus the addition of local anes- 
thetic agent to the contrast medium or 
anesthesia of the axillary plexus is not 
necessary. 

Preoperative brachial angiography is 
sometimes desirable to clarify the anat- 
omy. Arterial size, atherosclerotic changes, 
thrombosis, and collaterals can be evalu- 
ated. By using papaverine and local anes- 
thesia before the injection of contrast 
medium some information regarding the 
veins may be obtained. If a fistula has 
ceased to function, angiography reveals 
eventual possibilities for creating a new 
fistula. With poorly functioning fistulas, 
brachial angiography provides the informa- 
tion for deciding which step should be 
taken. 


Jan Gothlin, M.D. 

Department of Diagnostic Radiology 
University of Lund 

S-22185 Lund 

Sweden 
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THE CERVICAL AORTIC ARCH* 


By ROGELIO MONCADA, M.D., MICHAEL SHANNON, M.D., ROBERT MILLER, M.D., 
HARVEY WHITE, M.D., JAMIE FRIEDMAN, M.D., and WADE H. SHUFORD, M.D. 


CHICAGO, ILLINOIS 


ABSTRACT: 


Cervical aortic arch anomaly is a rare congenital entity. The aortic arch extends 
into the soft tissues of the neck before turning downward on itself to become the 
descending aorta. Nineteen cases have been previously reported in the world 
literature with one more presently in publication. We have collected six additional 
cases, in four of which the cervical arch was located on the left. Formerly the left 
cervical aortic arch was felt to be much less common than the right. It now appears 
that they have equal incidence. Four of our cases were also associated with cardiac 
anomalies, and this coincidence has not been previously reported. 


ESPITE the rarity of the cervical 

aortic arch, and despite a frequently 
relatively benign or asymptomatic course, 
the entity gains importance in recognition 
because of the differential diagnosis it in- 
cludes. Significantly, a pulsating mass on 
one or the other side of the neck has been 
associated with all reported cases, including 
our own. In at least six cases reported 
previously*7:14:18-20 ag well as in two of our 
own, this mass was the only presenting sign. 
This could easily be mistakenly diagnosed 
as an aneurysm of the common carotid 
artery, another rare entity in childhood; in 
at least one case, the patient was taken to 
surgery and the “aneurysm” ligated, re- 
sulting in rapid death from congestive heart 
failure. 

When symptoms are encountered in 
children, they most frequently have been 
respiratory in nature; previously reported 
cases have most often mentioned stridor, 
frequent upper or lower respiratory infec- 
tions, and dyspnea on exertion (Table 1). 
We encountered one case with tetralogy 
of Fallot and a cervical arch in which there 
were respiratory symptoms that were con- 
sidered mainly due to the arch anomaly 
(Table 11). 

Dysphagia is less often encountered as a 
complaint and is more often seen in those 


who have survived to adulthood with the 
cervical aortic arch. This also appears to be 
the primary symptom in adults with a 
vascular ring, and perhaps it is not en- 
countered more often in childhood because 
of the subjectiveness of the complaint, and 
the inability of children to recognize their 
own dysphagia as such. Also, possibly the 
dysphagia leads to frequent aspiration of 
small amounts of food, with the resulting 
respiratory symptoms overshadowing the 
dysphagia which led to the pneumonitis. 
Other occasionally mentioned complaints 
are headaches (in two previously reported 
cases),*® dizziness and fainting (in three 
cases previously reported)*:!°"" and pain be- 
tween the shoulder blades (in one previ- 
ously reported case)’ (Table 1). Conceivably, 
the fainting could have been related to the 
subclavian steal syndrome in that patient 
whose left subclavian artery arose anoma- 
lously from the descending aorta and was 
stenotic at its origin. No reference to this 
possibility was made in the case report, 
however. In our own two cases, with only 
the cervical arch abnormality, both had 
supraclavicular pulsating masses, without 
other complaints. In our other four cases, 
the symptomatic cardiac anomalies co- 
existing with the cervical aortic arch over- 
shadowed complaints arising only from the 


* The material from this paper was presented as a Scientific Exhibit at the Seventy-fifth Annual Meeting of the American Roentgen 


Ray Society, San Francisco, California, September 24-27, 1974. 


From the Loyola University of Chicago, Stritch School of Medicine; the Cook County Hospital, Department of Pediatric Cardiology; 
Children’s Memorial Hospital; and the Emory University School of Medicine. 
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TABLE | 


PRESENTING SYMPTOMS AND SIGNS OF CASES PREVIOUSLY REPORTED 
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Author Year 
Reid!6 1913 
Beavan and Fatt! 1947 
Lewis and Rogers!’ 1953 
Gravier et al.’ 1959 
Massumi eż a/,8 1963 
Mahoney and Manning” 1964 
D'Cruz et ai.* 1966 
D’Cruz et al.’ 1966 
Lipchick and Young"! 1967 
Deffrenne and Verney? 1968 
DeJong and Klinghamer’® 1969 
Shepherd et a/.18 1969 
Chang et al.’ 197I 
Yigitabasi and Malbantgil?° 197I 
Shuford et al 1° 1972 
Richie eż al." 1973 
McCue et al." 1973 
McCue et al." 1973 


latter anomaly (Table 11). 


ROENTGENOGRAPHIC EXAMINATION 


Roentgenographic differentiation of cer- 
vical arch from carotid artery aneurysms 
and vascular rings can usually be made on 
the plain chest film alone. The signs in- 
clude: 

1. Absence of normal aortic knob (Fig. 1). 

2. Apparent cut-off of the tracheal air col- 
umn in the superior mediastinum (Fig. 1). 

3. The position of the aorta which some- 
times descends along the contralateral side 
of the superior mediastinal mass, par- 
ticularly with right-sided cervical arches 


(Fig. 1). 


Signs and Symptoms 


Not known 

Dyspnea, dysphagia 

Dyspnea, dysphagia, syncope 

Pulsating mass 

Stridor; frequent respiratory infections 
Recurrent respiratory infections 

Pulsating mass 

Headaches 

Recurrent bronchitis 

Symptoms of a vascular ring 

Headache, dizziness, pain between shoulder blades 
Pulsating mass 

Recurrent pneumonitis; pulmonary hypertension 
Pulsating mass 

Pulsating mass 

Hoarseness and dysphagia 

Pulsating mass 

Recurrent bronchitis; dizziness 


4. Superior mediastinal widening (Fig. 2). 

5. Displacement of the trachea to the 
opposite side of the superior mediastinal 
mass, and on the lateral film, en bloc dis- 
placement of a segment of trachea, rather 
than a simple notching, differentiating it 
from tracheal compression due to vascular 
ring (Fig. 3). 

Furthermore, plain films of the soft tis- 
sues of the neck may demonstrate a loss of 
the normal cervical lordosis and an in- 
crease in the retropharyngeal space if the 
arch ascends high enough (Fig. 4). 

A barium swallow examination will dem- 
onstrate also an en bloc esophageal displace- 
ment, but toward, rather than away from, 


TABLE II 


PRESENTING SIGNS AND SYMPTOMS AND ASSOCIATED CARDIAC ANOMALIES OF PRESENT CASES 


Age 
Presenting Signs and Symptoms at Coexisting Cardiac Anomalies 
Presentation 

Case I Pulsating mass 30 years None 
Case II Small mass; abnormal chest roentgenogram 10 years None 
Case III Dyspnea, dysphagia 18 months Tetralogy of Fallot 
Case Iv Cyanosis, clubbing of digits 2 years Pseudotruncus 
Case v Cyanosis, congestive heart failure 3 months Double outlet right ventricle 
Case vI Recurrent pneumonitis 4 months Ventricular septal defect 
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the abnormally placed arch (Fig. 5). This 
tendency of the esophagus to follow the 
path of the descending aorta is also noted 
in the aortic tortuosity produced by ar- 
teriosclerosis in the elderly. It may be sec- 
ondary to short esophageal branches from 
the descending aorta. On posteroanterior 
roentgenograms with barium in the esoph- 
agus, sometimes an oblique defect in the 
barium column may be noted, representing 
the aorta crossing retroesophageally to de- 
scend on the opposite side of the arch 
(Fig. 6). On lateral roentgenograms the 
compression of the esophagus from behind 
may be high or low, depending upon the 
level at which the aorta crosses the medi- 
astinum (Fig. 7, 4 and B). If there is an 
aberrant subclavian artery, this may be 
seen as another esophageal filling defect on 
barium swallow at an acute angle to the 
defect produced by the descending aorta. 
Angiography will demonstrate the re- 
dundant aortic arch at any level from 





Fic. 1. A case of relatively low-positioned right-sided 
cervical aortic arch demonstrating absence of the 
aortic knob and an apparent cut-off of the tracheal 
air column at the point of crossing of the descend- 
ing aorta from right to left (arrow). 


The Cervical Aortic Arch 





Fic. 2. Superior mediastinal widening in a case of 
moderately high-positioned left cervical aortic 
arch, 





Fic. 3. Lateral film demonstrating en bloc displace- 
ment of the trachea due to the retrotracheal cross- 
ing of the descending aorta from the superior posi- 
tion of the arch on the right, to the left-sided 
position of the descending aorta. 
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Fic. 4. High position of a right-sided cervical aortic 
arch, causing an increase in the retrotracheal soft 
tissues, as well as a slight cervical kyphosis. 





Fic. 5. Leftward displacement of esophagus, adjacent 
to left cervical aortic arch. 
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slightly superior to its normal position 
(Fig. 8, Z and B) to very high into the 
soft tissues of the neck (Fig. 9, 4 and B). 

From past reports, and from those of our 
cases in which the origins were determined, 
the origin of the great vessels is of three 
basic variations: 

1. Normal (or mirror image, in the case 
of a right cervical arch). 

2. Absent common carotid artery on the 
same side of the arch, with the internal and 
external carotids on that side arising di- 
rectly from the arch. 

3. Anomalous, and sometimes stenotic, 
origin of the subclavian artery contra- 
lateral to the side of the arch. In these 
cases, the subclavian arises as the most 
distal of the great vessels, from the retro- 
esophageal portion of the descending aorta. 

These possible combinations are sum- 





Fic. 6. Oblique defect in barium filled esophagus due 
to right-sided cervical aortic arch crossing 
retroesophageally to become the left-sided de- 
scending aorta. 
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Fic. 7. (4) Posterior indentation in barium column in esophagus produced by relatively inferior crossing of 
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descending aorta from right to left at level of T6-7. (B) Another case demonstrating the same defect at 


a more superior level, around T 3-4. 


marized in Table m1. 

Not all of the above combinations have 
been reported, but possibly will be found 
with future cases, as well as other combina- 
tions not listed here. The above arrange- 
ments seem to be the most frequent, how- 
ever, and the development of the separate 
carotid origins and the anomalous sub- 
clavian will be considered later. 

It is essential to demonstrate the origins 
of the great vessels by angiography if sur- 
gery is contemplated to relieve symptoms 
of dyspnea or dysphagia, or for a coexisting 
cardiac lesion. Our four cases with coexis- 
tent cardiac lesions were investigated 
angiographically as infants, before the 
cervical position of the aortic arch had be- 
come clinically apparent. In two of these 
(Cases 111 and 1v) the origins of the great 
vessels from the tortuous, left-sided, cervi- 
cal arch were normal (Fig. 10; and 11). 


Cases v and vi, however, did not have 
angiograms adequate to determine the 
origins of the great vessels, and only the 
cervical arch position and cardiac lesion 
were determined (Fig. 12; and 13, 4 
and B). 

The possibility of subclavian steal syn- 
drome could also be investigated angio- 
graphically if there is stenosis at the sub- 
clavian origin, with a vertebral artery aris- 
ing distal to the stenotic region. 

Cardiac catheterization has demonstrated 
small, insignificant blood pressure gradients 
in two previous reports. One patient had a 
5 mm gradient at the apex of the cervical 
arch, and another a 5 mm gradient at the 
anomalous subclavian origin.” Another had 
a gradual gradient down the descending 
aorta." One of our own asymptomatic cases 
also had a 10 mm gradient at the arch 


(Case 11). 





Fic. 8. Case 11. (4) Left-sided cervical aortic arch 
situated at a somewhat higher level than a normal 
aortic arch. (B) Same case, with oblique projection 
of the opacified arch. There was a normal pattern 
of the origins of the great vessels. However, it ap- 
peared that the left subclavian artery was stenotic 
at the point just distal to its origin from a divertic- 
ulum of the descending aorta (diverticulum of 
Kommerell). 


EMBRYOLOGY 


Embryologically, the aortic arch system 
of human embryos exists as a symmetrical 
system of blood vessels connected to the 
primitive cardiac tubes, between the third 
and seventh weeks of fetal life, during 
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which time the embryo measures from 3 to 
16 mm. 

Six pairs of branchial arches arise, ex- 
tending between a single ventral aortic sac; 
the primitive truncus arteriosus, and 
paired dorsal aortae, which fuse distally 
into a single dorsal trunk. The six pairs of 
arches do not all exist simultaneously, but 
arise and degenerate in succession from 
craniad to caudad, in the period between 
the third and seventh embryonic weeks. 
The first and second arches lose connection 
with the ventral aortic sac and form por- 
tions of the mandibular and hyoid arteries, 
respectively. The third arch becomes the 
proximal portion of the internal carotid 
artery. The left fourth arch gives rise to 
the bulk of the normal left thoracic aortic 
arch. (The remainder of the arch is derived 
from the proximal portion of the left of the 
paired dorsal aortae.) The right fourth 
branchial arch normally becomes the prox- 
imal portion of the right subclavian artery. 
The fifth branchial arches are not known 
to give rise to any definitive structure in 
the adult. The proximal portions of both 
sixth arches become the proximal portions 
of both pulmonary arteries. The distal left 
sixth arch becomes the ductus arteriosus. 
The distal right sixth arch disappears 
(Fig. 14). 

When first formed in the third week, the 


TABLE III 


ORIGINS OF THE GREAT VESSELS FROM THE 
CERVICAL ARCH, PROXIMAL TO DISTAL 


RBC, LBC—Right, left brachiocephalic artery 
RCC, LCC—Right, left common carotid artery 
RIC, LIC —Right, left internal carotid artery 
REC, LEC—Right, left external carotid artery 
RS, LS  —Right, left subclavian artery 


Left Cervical Arch Right Cervical Arch 


_ 


+ RBC, LCC, LS (normal) LBC, RCC, RS (mirror 
image of normal) 
a. RBC. LEC, LIC. LS LBC, REC, RIC. RS 
r ROG EA. ay RO DEG; RCC, RS, LS 
4; RCCL LEC LIC. LS Ro LGC, REC. RIC. RS, 
LS 


Co 
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Fic. 9. Case 1. (4) Left-sided cervical arch which extends high up into the soft tissues 
of the neck to the upper border of C7. (B) Left anterior oblique view of aortogram. 


aortic arch system lies at the occipital level 
of the embryo, but by the seventh week it 
has migrated caudad to its final position in 
the developing thoracic cage. 

Because of the original cephalic position 
of the aortic arch system and the presence 
of branchial arches at a level higher than 
the fourth, theories to explain the per- 
sistence of a cervical arch have proposed: 

1. Failure of descent of the otherwise 
normal fourth branchial arch.° 

2. Development of the third!%!819 or 
second!*!9 branchial arches into the aortic 
arch, with consequent persistence of the 
second or first arch on the side involved as 
the proximal internal carotid artery (Fig. 
ï$). 

3. Fusion of the third and fourth bran- 
chial arches on the involved side.‘ 

Determination of the true answer may 


depend on the discovery of a non-vascular 
structure extending between the third and 
fourth branchial arches in the embryo with 
the determination of its position above or 
below the cervical aortic arch in the post- 
natal period. 

The frequently found abnormal origin of 
the great vessels has been referred to in 
Table 11 as ipsilateral (to the arch) sepa- 
rate origins of the external and internal 
carotid arteries arising directly from the 
arch, and the contralateral subclavian ar- 
tery arising from the descending aorta. 
Normally, as mentioned, the left thoracic 
aortic arch is derived from the left fourth 
branchial arch, along with the proximal 
portion of the left primitive dorsal aorta. 
The normal origins of the great vessels, 
present actually in only about 50-75 
percent of the general population, arise 
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Fic. 10. Case 111. Left-sided cervical arch and normal 
origins of the great vessels, coexisting with a 
tetralogy of Fallot. 
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Fic. 12. Case v. Characteristic findings of a double 
outlet right ventricle with a right-sided cervical 
aortic arch. 


from the disappearance of two other por- 
tions of the originally symmetrical aortic 
arch system. The lack of persistence of the 
right-sided dorsal aorta distal to the origin 
of the seventh intersegmental artery on the 
right permits development of a normal in- 
nominate artery, of which the subclavian 
portion is derived from the right fourth 
branchial arch, the proximal portion of the 
primitive right dorsal aorta, and the 
seventh intersegmental artery of the em- 
bryo. Should the right dorsal aorta prox- 
imal, rather than distal, to the seventh 
intersegmental artery drop out, the result 
would be an anomalous right subclavian 
artery, arising as the most distal of the 
great vessels, originating entirely from the 
seventh intersegmental artery (Fig. 16). A 
mirror image situation would embryologi- 
cally explain the anomalous left subclavian 
arteries, found with frequency in the cervi- 





HK 


Fic. 11. Case 1v. Left-sided cervical arch and normal 
origins of the great vessels, coexisting with a 
pseudotruncus deformity. Bronchial circulation is 
not prominently seen on this view. 
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Fic. 13. Case vi. (4) Right-sided cervical aortic arch, coexisting with (B) a ventricular septal defect. 


cal arch cases reported. 

The persistence of a normal common 
carotid artery is dependent on the disap- 
pearance of the ductus caroticus—that por- 
tion of the paired dorsal aortae in the em- 





SEVENTH 
INTERSEGMENT AL 
ARTERY 


} DUCTUS 
CAROTICUS 
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bryonic system between the dorsal ends of 
the third and fourth branchial arches. The 
third arch and the cephalad extension of 
the dorsal aorta on each side become the 
internal carotid artery. The external ca- 







—— LEFT COMMON 
CAROTID ARTERY 


INNOMINATE 


ARTERY —LEFT SUBCLAVIAN 


ARTERY 


LIGAMENTUM 
ARTERIOSUM 


Fic. 14. Normal development of the aortic arch system into the definitive structures of the postnatal period. 
The six branchial arches do not al! exist simultaneously, but arise and degenerate, or become a definitive 
structure, in order of craniad to caudad (structures in black are those which do not persist in the postnatal 


period). 
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Fic. 15. Hypothetical development of a left cervical aortic arch from the third embryonic branchial arch. 


rotid arteries appear to be cephalad out- 
growths from the ventral aortic trunk. The 
common carotid arteries on each side are 
derived from portions of this ventral sac. 
Should the ductus caroticus persist and 
the third branchial arch disappear, how- 
ever, the result would be separately origi- 
nating internal and external carotid arteries 
on the side involved (Fig. 17). The internal 
carotid would thus be derived from the 
ductus caroticus and the cephalad exten- 
sion of the dorsal aorta. The frequency of 
















this situation in combination with the 
cervical arch suggests that there is a greater 
tendency of persistence of the portions of 
the dorsal aorta above the level of the 
ductus caroticus, and a greater tendency 
for lack of persistence of branchial arches 
cephalad to the third. 


Rogelio Moncada, M.D. 
Department of Radiology 

Loyola University Medical Center 
2160 South First Avenue 
Maywood, Illinois 60153 
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Fic. 16. Hypothetical development of an anomalous right subclavian artery with a left cervical aortic arch. 
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EFT EXTERNAL 
CAROTID ARTERY 









LEFT INTERNAL 
CAROTID ARTERY 


Fic. 17. Hypothetical development of separately originating ipsilateral external and 
internal carotid arteries with a left cervical aortic arch. 
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TRANSJUGULAR APPROACH TO THE LIVER, 


BILIARY SYSTEM, AND PORTAL 
CIRCULATION * 


By J. RÖSCH, R. ANTONOVIC, and C. T. DOTTER 


PORTLAND, OREGON 


ABSTRACT: 


More than five years of clinical and animal experience with the use of a trans- 
jugular approach to the liver, biliary system, and portal circulation is reviewed. It 
has been of clinical value in connection with hepatic manometry and venography, 
liver biopsy, and cholangiography. Satisfactory hepatic manometry and venography 
were achieved by the transjugular approach in all 47 cases where attempted; diag- 
nostic liver specimens were obtained in 71 of 83 patients (86 percent); and cho- 
langiography was successful in 48 of 52 patients with enlarged intrahepatic ducts 
(92 percent). No complications occurred with these studies. In animals, transjugular 
catheterization was used as a means for portal, mesenteric, and pancreatic venogra- 
phy. These procedures are ready for diagnostic clinical use. Therapeutic techniques 
explored in animals include intravascular tamponade of gastric coronary vein and 
the nonsurgical creation of intrahepatic portacaval shunts, both of promise in the 


future management of massive gastrointestinal bleeding from varices. 


| the transjugular (transvenous) ap- 
proach, a catheter needle system intro- 
duced via the jugular vein is advanced 
through the right atrium into a hepatic 
vein. The catheter or the needle, or both, 
are then used for various diagnostic or 
therapeutic procedures relating to the liver, 
biliary system, and portal circulation (Fig. 
1). The transjugular approach was intro- 
duced by Hanafee and Weiner®:!® for cho- 
langiography, and its clinical use was 
further extended to include liver biopsy,!° 
dilatation of a biliary stricture, and hepatic 
manometry and venography." In animal 
experiments, it has been used for portal 
venography, mesenteric venography,‘ pan- 
creatic venography," intravascular tam- 
ponade of the gastric coronary vein,” and 
the nonoperative creation of an intra- 
hepatic portacaval shunt.®° This review is 
based on our over five years of clinical and 
investigative experience with this approach 
and its applications. 


TECHNIQUE 


Procedures are performed in a roentgeno- 
logic suite equipped for television moni- 
tored fluoroscopy, serial filming, and EKG 
monitoring. A commercially available trans- 
jugular catheter needle set* includes a 
45 cm long radiopaque Teflon catheter 
(3 mm o.d., 2.08 mm i.d.) and a ṣo cm long 
needle (1.83 mm o.d., 1.40 mm i.d.). Both 
have slightly curved tips. 

Clinical procedures are done using local 
anesthesia. A combination of sedatives 
(secobarbital, meperidine hydrochloride, or 
both) and atropine is used for premedica- 
tion. For cholangiography, prophylactic 
antibiotics (usually soo mg ampicillin by 
mouth four times daily) are also given for a 
day before and one or two days following 
the examination. An internal jugular vein, 
preferably the right, is used for catheter 
insertion in patients. The skin puncture site 


* Cook, Inc., Bloomington, Indiana 47401. 


* From the Department of Diagnostic Radiology, University of Oregon Health Sciences Center, Portland, Oregon. 
Supported in part by USPHS Grants HLOs828 and HLo3275 and the James Picker Foundation on the recommendation of the 
Committee on Radiology NAS-NRC. Also, the Oregon Heart Association. 
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is high on the neck, 3-4 cm below the angle 
of the mandible. 

Animal studies are done under general 
anesthesia and the right external jugular 
vein, exposed by cut-down, is used for 
catheter introduction. 

The catheter is usually introduced over 
a guidewire into the right hepatic vein, al- 
though any major vein of the right or left 
lobe can be catheterized. Subsequent steps 
of the examination depend on the pro- 
cedure(s) to be done; often several are per- 
formed at the same session. 


HEPATIC MANOMETRY AND VENOGRAPHY 


We consider the transjugular approach 
for hepatic manometry and venography as 
complementary to the transfemoral route. 
We use it in cases where a transfemoral ap- 
proach is either technically not feasible or 
contraindicated by femoropelvic throm- 
bosis, inferior vena caval anomaly, or ob- 
struction. We also use it in patients where 
hepatic studies include simultaneous liver 
biopsy. 

Hepatic manometry and venography are 
used to evaluate patients possibly having 
Budd-Chiari syndrome and even more 
often to assess cirrhotic patients being con- 
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Fic. 1. Schematic drawing of the transjugular 
approach for cholangiography. 
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sidered for portal \ecompressive surgery. 
Both manometry and venography are done 
with the catheter in a free and a wedged po- 
sition. Free hepatic venography helps 
assess the stage and severity of the cirrhotic 
process!*:4 (Fig. 24); wedged hepatic 
venography helps clarify hepatoportal he- 
modynamics and thereby aids in selecting 
the appropriate type of shunt!®” (Fig. 2B). 
The measurement of wedged and free he- 
patic pressures and those in the inferior 
vena cava and right atrium permits the 
diagnosis of portal hypertension as well as 
an assessment of its type and degree.1&” 

A wedged position of the catheter tip is 
easily achieved, using the transjugular ap- 
proach. We occasionally introduce a smaller 
catheter of 1.8 mm o.d. through the Teflon 
catheter to extend its reach into small 
peripheral hepatic veins. Satisfactory he- 
patic manometry and venography were 
achieved by the transjugular approach in 
all 47 cases where attempted. 


LIVER BIOPSY 


We consider transjugular liver biopsy as 
complementary to the ordinary transperi- 
toneal technique.!° It is of particular value 
in patients with hemocoagulation defects, 
high grade obstructive jaundice, or in ma- 
jor ascites, where the transperitoneal route 
is unduly hazardous or contraindicated. 
Our biopsies are done under fluoroscopic 
control, employing suction from a syringe 
attached to the needle. In such cases, the 
catheter stays in the hepatic vein; only the 
needle punctures the liver parenchyma. It 
is usually advanced laterally about 2-4 cm 
into the parenchyma; several biopsies may 
be done in various directions from different 
veins. A crucial point in this technique is 
limiting suction to the time when the 
needle is in the liver parenchyma and thus 
keeping the obtained specimen in the 
needle. Undesired suction of the specimen 
into the syringe often results in tissue 
destruction. 

In our series of 83 patients subjected to 
attempted liver biopsy by the transjugular 
approach, satisfactory specimens were ob- 
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Fic. 2. Hepatic venography performed by the transjugular approach in a §3 year old man with advanced 


cirrhosis and large gastroesophageal varices. (4) Free hepatic venography shows advanced deformity 
of the hepatic venous system with irregular parenchymal filling. (B) Wedged hepatic venography visualizes 
the portal vein and large gastric varices by retrograde flow. 


tained in 71 patients (86 percent). Speci- 
mens were usually 3-10 mm long and 1-1.2 
mm in diameter (Fig. 3). Biopsy failures in 
12 patients were due to failure to enter the 
internal jugular vein (one patient), to in- 
troduce the needle into hepatic veins which 
joined the inferior vena cava at an unusu- 
ally sharp angle (one patient), to puncture 
a hard cirrhotic liver (two patients), and to 
obtain adequate material (eight patients). 
We have had no complications associated 
with liver biopsy. 


CHOLANGIOGRAPHY 


We consider transjugular cholangiogra- 
phy complementary to endoscopic retro- 
grade cholangiography.®1°!® We use it in 
patients with obstructive Jaundice, where 
the latter approach fails or gives insufficient 
information. In our hands, transjugular 





approach in a 48 year old man with liver metasta- 
ses from a pancreatic carcinoma. 


cholangiography has replaced the trans- 
peritoneal technique. Safety is one of the 
important reasons; the transjugular ap- 
proach can be used even in patients with 
bleeding diathesis and ascites. Acute sup- 
purative cholangitis is the principal con- 
traindication. 

In the conduct of this procedure, the 
catheter again stays in the hepatic vein and 
only the needle traverses the liver to enter 
the biliary system. Puncture is done under 
fluoroscopy, usually toward the hilum so as 
to favor entry into a major intrahepatic 
bile duct. Knowledge of the size and shape 
of the liver such as can be gained through 
prior angiography promotes the safety and 
success of this technique. Following punc- 
ture, the position of the needle is checked 
by a small test injection of contrast me- 
dium. After entry into a biliary duct has 
been effected, bile is aspirated and sufficient 
contrast medium injected to fill the entire 
ductal system. The needle is then with- 
drawn back into the catheter, which re- 
mains in the hepatic vein. Films are ex- 
posed during injection of contrast medium 
and after needle withdrawal. 

Satisfactory visualization of the biliary 
system in our series of 76 patients was re- 
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lated to the size of intrahepatic ducts. En- 
larged ducts were entered and visualized in 
48 of 52 patients (92 percent) (Fig. 4). 
With normal ducts, a satisfactory study 
was obtained in only two of 24 patients 
(eight percent). We encountered no compli- 
cations requiring surgery. At the time of 
elective surgery in 43 patients, neither 
blood nor bile was found in the abdominal 
cavity. In two of these patients, operated 
on one day after the study, some blood was 
found in the biliary system. Two patients 
had minor transient febrile reactions three 
to five hours after the study. 


PORTAL VENOGRAPHY 


Portal venography by the transjugular 
approach has been widely explored in ani- 
mals and is ready for clinical use. Here, 
also, the intrahepatic portal circulation is 
entered by needle puncture from a hepatic 
vein. In dogs, the usual experimental sub- 
jects, the left portal branch provides the 
best puncture target because of its close re- 
lation to the intermediate hepatic vein and 
its straight course in line with that of the 
introduced catheter. Following puncture, a 
guidewire is introduced through the needle 
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Fic. 4. Transjugular cholangiogram in a 63 year 
old woman with pancreatic carcinoma causing 
subtotal obstruction of the distal common bile 
duct. 
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Fic. 5. Selective retrograde pancreaticoduodenal 
venogram performed in a dog by the transjugular 
approach with good visualization of duodenal and 
pancreatic veins. 


into the portal circulation and, thereafter, 
a Teflon catheter. With the needle and 
guidewire out, the catheter can be used for 
venography of any major trunk of the por- 
tal circulation. Excellent visualization of 
the portal vein, its intrahepatic portal 
branches, and its splenic and mesenteric 
tributaries is usually possible. For the 
detailed study of peripheral mesenteric 
branches, a double-lumen balloon catheter 
can be introduced. After its inflation in the 
proximal superior mesenteric vein, the in- 
jection of contrast medium through the 
second lumen beyond the balloon provides 
detailed visualization of the mesenteric 
venous bed.! Selective filling of individual 
peripheral portal tributaries is easily ob- 


J. Rosch, R. Antonovic and C. T. Dotter 


NOVEMBER, 1975 





Fic. 6. Isobutyl 2-cyanoacrylate “cast TEER of the left gastric and (anin veins in a dog by the trans- 
jugular approach. (4) Control retrograde portal venogram. (B) Plain abdominal roentgenogram after 
venous occlusion reveals opaque isobutyl 2-cyanoacrylate “cast plugs” in the left gastric (arrowheads) 


and splenic veins (arrows). 


tained with a small catheter coaxially in- 
troduced through the Teflon catheter, a 
technique permitting selective retrograde 
pancreatic venography! (Fig. 5). 


INTRAVASCULAR TAMPONADE OF THE GASTRIC 
CORONARY VEIN 


Transportal tamponade of the gastric 
coronary vein using a transjugular ap- 
proach has been developed in dogs as a 
method of promise for the emergency, non- 
operative management of bleeding from 
gastroesophageal varices.’? Portal entry 
that was used for venography and a co- 
axially introduced catheter were used to 
catheterize the gastric coronary vein. Tem- 
porary intravascular tamponade of the 
gastric coronary vein was achieved, using 
various types of balloon catheters. The in- 


jection of a rapidly polymerizing tissue 
adhesive, isobutyl 2-cyanoacrylate, enabled 
its prompt, selective, and definitive ob- 
literation. Polymer casts were used to ob- 
literate long segments of large veins such 
as the splenic (Fig. 6). 


INTRAHEPATIC PORTACAVAL SHUNT 


A method for the nonoperative creation 
of intrahepatic portacaval shunts has been 
explored in normal dogs.*:? Following trans- 
jugular entry into the portal circulation, 
the transhepatic puncture tract in the liver 
was dilated to a diameter of 6 mm by a 
system of coaxial dilating catheters, similar 
to that used for angioplasty of arterio- 
sclerotic obstructions.4 A short length of 
tubing was then slipped over the catheters 
and left in place in the liver, to form a 
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sleeve graft connecting the portal and in- 
ferior caval veins. Such shunts have stayed 
open for six to twelve days (Fig. 7). After 
percutaneous retrieval of the shunt which 
was in place for less than five days, the 
fistulous tract closed rapidly. In animals in 
which the shunt was in place for two weeks, 
a portacaval fistula persisted for 24 to 48 
hours. 


DISCUSSION 


The transjugular approach to liver pa- 
renchyma, bile ducts, and the portal circu- 
lation involves somewhat elaborate tech- 
niques; however, it has considerable diag- 
nostic and therapeutic potential. Skilled 
professional and technical personnel ex- 
perienced in angiographic techniques are 
essential, as are specially equipped roent- 
genologic facilities. Among its advantages 
are safety and the opportunity of achieving 
several diagnostic and therapeutic objec- 
tives through a single procedure. Since 
transperitoneal passage and puncture of 
the liver capsule are eliminated, cholangi- 
ography and liver biopsy can be done even 
in patients with hemocoagulation defects, 
ascites, or high grade obstructive jaundice 
without risk of hemoperitoneum or bile 
peritonitis. Combined studies such as cho- 
langiography and liver biopsy or manomet- 
ric and venographic examinations with 
liver biopsy give complex information 
about hepatobiliary diseases and their sec- 
ondary hemodynamic changes, thereby 
favoring an informed decision as to the 
need for and type of surgery. 

Diagnostic and therapeutic procedures 
explored in animal experiments are now 
ready for use in selected patients. Portal 
venography can help in the preoperative 
work-up of patients undergoing decompres- 
sion surgery or in the evaluation of opera- 
bility in hepatic or pancreatic tumors, 
where simpler procedures fail to give suff- 
cient information. Pancreatic venography 
can help in the early diagnosis of pan- 
creatic carcinoma. Portal catheterization 
also offers an important clinical and re- 
search tool for collecting venous blood 
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Fic. 7. Portal venogram in a dog with an intra- 
hepatic portacaval shunt created by the transjugu- 
lar approach. A short tubing (arrowheads) drains 
part of flow from the portal vein (PV) into the 
inferior vena cava (IVC). 


samples from individual portal tributaries 
for various laboratory studies. 

The application of intravascular tam- 
ponade to gastroesophageal varices and the 
creation of intrahepatic portacaval shunts 
may be of therapeutic value in other- 
wise unmanageable massive gastrointesti- 
nal bleeding from varices. The transperito- 
neal transhepatic route has already been 
used to control such bleeding by oblitera- 
tion of varices.”!8 We consider the trans- 
jugular, transvenous route preferable to 
the transperitoneal because of greater 
safety and the opportunity to effect portal 
decompression by an intrahepatic porta- 
caval shunt. However, before the sleeve 
shunt technique explored in animals be- 
comes clinically applicable, more research 
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will be needed, EE A achieving con- 
tinuing shunt patency. Research should 
also be directed to other possible means for 
transhepatic shunting such as the creation 
of a direct portovenous fistula by simple 
dilatation of the transhepatic puncture 
tract (which might remain patent in the 
cirrhotic liver with portal hypertension), or 
the formation of a neovascular lumen 
around a temporary shunt, techniques 
which have been successfully applied in the 
clinical management of arteriosclerotic ob- 
structions.®? 15 


Josef Rösch, M.D. 

Department of Radiology 

University of Oregon Health Sciences Center 
3181 S.W. Sam Jackson Park Road 
Portland, Oregon 97201 
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POLYVINYL ALCOHOL (IVALON)}}-A NEW 
EMBOLIC MATERIAL* 


By S. MURTHY TADAVARTHY, M.D., JAMES H. MOLLER, M.D., and KURT AMPLATZ, M.D. 


MINNEAPOLIS, MINNESOTA 


ABSTRACT: 


Successful nonsurgical treatment of gastrointestinal bleeding and arteriovenous 
malformations by embolization techniques has been previously documented. 
1) Compressed Ivalon sponge was found to be a suitable embolic material in animals 
and in four patients. 2) The material has been extensively used in surgery, and its 
biocompatibility has been proved. 3) Expansion of the compressed sponge to its 
original size after embolization makes this material extremely effective. Recanaliza- 
tion did not occur in animals and humans. 4) For the occlusion of larger arteries, 
Ivalon can be wrapped around the guidewire. Ivalon sponge absorbs blood and 
serum, unwraps itself allowing withdrawal of the guidewire. 5) Embolization pro- 
cedures are not without risk since reflux of embolic material may occur. Therefore, 
these procedures have to be carried out under fluoroscopic control. 


T is the purpose of this communication 

to report the experience with a synthetic 
embolic material which can be introduced 
through catheters in the management of 
gastrointestinal bleeders, arteriovenous mal- 
formations, hemangiomas, and traumatic 
rupture of blood vessels. Ivalon sponge, 
previously used extensively in surgery, has 
proved to be a good synthetic embolic 
material. 


BACKGROUND 


Ivalon, a polyvinyl alcohol, is converted 
into a sponge-like material by foaming 
agents and hardened with formaldehyde. 
It has been used as an ion exchange resin 
since this foam is a negatively charged 
colloid and strongly adsorbs cations. Ivalon 
is also well known to housewives who use 
it as a cleaning sponge. Polyvinyl alcohol 
foam has the ability to absorb water; and 
it is, therefore, used in industry for electro- 
plating and photography. The material is 
inert and withstands the action of dilute 
acids, strong alkalis, and common deter- 
gents. Ivalon sponge has the unique prop- 
erty of being resilient and readily com- 
pressible when wet. If the compressed 


sponge is dried and becomes hard, it retains 
its compressed shape. If placed into an 
aqueous medium as blood, the compressed 
sponge resumes its original uncompressed 
shape as seen in Figure 1. The compressed 
4 mm long Ivalon material expanded to 
23 mm in length after being soaked in 
saline. This excellent plastic memory makes 
this material particularly attractive for 
embolization procedures where the size of 
the embolus is always limited by catheter 
size. 





A PLS is EK Gs AT E A 


Crk mea = 


1. Compressed Ivalon at the bottom of the 


Fic. 
figure expanded six times as seen on the top after 
being soaked in saline. 


* From the Department of Radiology, University of Minnesota Hospitals, Minneapolis, Minnesota. 
This work was supported in part by USPHS Grant 1 T12 HE 5853 and 2 Pol HE 06314. 
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Fic. 2. [valon plugs in pre-loaded Clay Adams poly- 
ethylene 240 tubes ready for gas sterilization. 


PREVIOUS USES OF IVALON 


Ivalon sponge has been extensively used 
in experimental animals as a filling ma- 
terial following pneumonectomy. Autopsy 
examination revealed that Ivalon sponge is 
inert and readily invaded by fibrous tissue 
with a minimal amount of inflammatory 
cells. In 1949 it was first introduced for 
medical use by J. H. Grindlay® at the Mayo 
Clinic. When it was used as a skin graft in 
experimental animals,’ microscopic exami- 
nation revealed minimal cellular infiltra- 
tion. In the 1960’s Ivalon was used as a 
skin substitute in patients with burns. Be- 
cause of the pores in the foam, it was 
permeated with serum and adhered to the 
skin in one or two days. This material ap- 
pears to serve as a scaffold for ingrowing 
connective tissue and becomes an integral 
part of the body. The sponge was also advo- 
cated for surgical treatment for rectal pro- 
lapse.’ Very recently Porstmann eż a/.° used 
this material for nonsurgical closure of 
patent ductus arteriosus with excellent re- 
sults. Polyvinyl alcohol sponge was the 
synthetic material of choice in the early 
days of cardiac surgery. The first surgical 
closure of septal defects in this institution 
was accomplished by this material; it was 
used for the reconstruction of the mitral 
valve in cases of mitral insufficiency, as re- 
ported by others.! Although it was used for 
the repair of aneurysms, increasing rigidity 
with time made it necessary to replace it by 
more pliable and long lasting plastics such 
as dacron and teflon. However, the bio- 
compatibility of Ivalon sponge has been 
well established.® 

The Preparation of Ivalon Emboli. Ivalon 
plastic foam is highly compressible in the 
dry or wet stage. If the material is soaked 
in heparin and compressed in a vice, its di- 
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mensions can be reduced by a factor of 
10-1571. If dried, the compressed material 
will retain its shape in spite of gas steriliza- 
tion. If introduced into the blood stream, 
it will swell and resume its original shape. 

Ivalon sponge was soaked in heparin and 
compressed in a vice and dried. One half to 
I mm diameter plugs were cut from the 
dried material with a hole punch similar to 
a cork borer or the instrument used to cut 
side holes on angiographic catheters. These 
plugs measured a few mm in length and 
were pre-loaded in small plastic tubing 
(Fig. 2). Depending upon the size of the 
Ivalon plugs, either Clay Adams 240 or 260 
could be used as pre-loaded tubes and gas 
sterilized. Care must be taken that only 
gas sterilization and no steam is used. 
Otherwise, the compressed plugs will ex- 
pand due to absorption of water and will 
not be suitable for injection through 
catheters. At the time of embolization, the 
pre-loaded tubes are connected to the 
catheter, and the plugs are flushed into the 
catheter and blood vessel by forceful 
manual saline injection. It is very impor- 
tant to eliminate all constrictions between 
the loading tubes and the selective catheter 





Fic. 3. Selective renal angiogram of a dog prior to 
Ivalon embolization. 
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since the compressed Ivalon plugs swell 
rather rapidly, making prompt delivery of 
these emboli difficult. 


ANIMAL EXPERIMENTS 


The renal arteries of dogs were embolized 
with Ivalon. Angiography was performed 
72 hours post Ivalon embolization and re- 
vealed obstruction of the renal artery with 
no evidence of recanalization (Fig. 3; and 4). 
Aortography performed one week post- 
embolization revealed occlusion of the renal 
artery at its most proximal portion due to 
antegrade thrombosis. The dogs were sacri- 
ficed at the end of seven days, and the 
renal artery and kidneys were subjected to 
histologic examination. The gross speci- 
men of kidney revealed thrombosis of the 
main renal artery (Fig. 5). Histologic ex- 
amination of the canine renal cortex re- 
vealed thrombosis of several renal arteries 
and noncanalization. The renal cortex 


showed several areas of hemorrhagic necro- 
sis due to thrombosis of the intrarenal 
arteries. The problem of lysis and fragmen- 
tation which is commonly encountered with 
autogenous clots, therefore, does not exist. 
This drawback has been well documented 
by several authors,?!° both in humans and 





Fic. 4. Selective renal angiography 72 hours post- 
embolization reveals complete thrombosis of the 
renal artery (arrow). 
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Fic. 5. The gross specimen of the canine renal artery 
reveals thrombosis as pointed out in this figure 
by arrow. 


canine experiments. It is very important to 
selectively catheterize and inject the em- 
boli as close to the lesion as possible. Other- 
wise, the possibility exists that embolic ma- 
terial may enter other arteries resulting in 
embolic infarctions. Furthermore, it is ex- 
tremely important that the emboli are in- 
jected slowly, particularly after the flow 
through the artery has decreased. If injec- 
tion is performed rapidly, embolic material 
may reflux and embolize other arteries. 
This has been shown in our laboratory 
where the renal artery was successfully 
embolized by Ivalon plugs. At the time of 
post mortem, however, additional emboli 
were found in the contralateral renal ar- 
tery. The gross specimen of the target kid- 
ney shows extensive hemorrhagic infarction 
due to embolization. The contralateral kid- 
ney revealed several areas of infarction 
(Fig. 6). Since the catheter was well in 
place at the time of embolization, it is likely 
that the embolization of the contralateral 





lective embolization. In the contralateral kidney 
(arrows), certain areas were infarcted due to force- 
ful injection of embolic material. 


renal artery was due to reflux by a too 
forceful injection. 

One of the major advantages of this ma- 
terial is expansion to its original size upon 
exposure to blood. If the sponge is pre- 
compressed 10:1, the plug will resume its 
original proportion after it has been em- 
bolized. At the time of embolization, there- 
fore, there is a gradual decrease of flow due 
to complete obstruction of smaller arteries 
due to the expansion of the injected Ivalon 
emboli plugs. This gradual expansion of the 
embolic material results in a very effective 
and rapid occlusion of the arterial tree, as 
evidenced in animal experiments where 
comparatively few injected emboli resulted 
in complete and rapid thrombosis of the 
superior mesenteric artery. Ten dogs were 
subjected to embolization of various ar- 
teries. 

Recently, barium impregnated Ivalon 
plugs have become commercially available, 
rendering the embolic material visible by 
roentgenography. At the present time, our 
experience is limited to non-opaque Ivalon. 
Another way to make Ivalon plugs radio- 
paque would be the incorporation of a 
stainless steel bead. 


REPORT OF CASES 


Case 1. N. O. is a four and one-half year old 
male with a liver tumor which has grown 
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rapidly in size since it was noted at the age of 
sixteen months. In January, 1973, he had an 
open biopsy of the liver which was diagnosed 
as hemangioendothelioma. He was treated by 
radiation therapy. However, his abdomen con- 
tinued to increase in size; and a second explora- 
tion was carried out in February, 1974, which 
revealed diffuse involvement of the liver. 

At that time he was transferred to the Uni- 
versity of Minnesota Hospitals for considera- 
tion of a liver transplant as soon as a donor be- 
came available. Abdominal angiography re- 
vealed a huge liver and hepatic artery supply- 
ing multiple vascular foci (Fig. 7). Numerous 
vascular spaces stayed opacified for a long 
time without evidence for arteriovenous shunt- 
ing. 

This patient was a candidate for liver trans- 
plantation. Decrease in the size of the liver 
prior to surgery was thought to be essential. 
Ligation of the hepatic artery was proposed; 
but due to the large size of the liver, the hepatic 
artery was not readily accessible by surgery. 
Therefore, it was decided to attempt trans- 





Fic. 7. Selective hepatic angiogram reveals a large 
hepatic artery and multiple feeding vessels to the 
huge liver mass. Numerous vascular spaces were 
identified without arteriovenous shunting. 
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catheter arterial embolization. Since the he- 
patic artery was huge, injection of small emboli 
could not be used in this case. The injection of 
small emboli would have resulted in obstruction 
of a few small peripheral hepatic branches, but 
the main hepatic artery would have been un- 
affected. 

It was, therefore, decided to construct a 
strainless steel umbrella which could be ad- 
vanced with the guidewire through the catheter, 
serving as a baffle for the injected embolic ma- 
terial (Fig. 8). 

The No. 7 French teflon catheter was inserted 
via cutdown of the left brachial artery. The 
hepatic artery was selectively catheterized, and 
three stainless steel umbrellas were placed 
through the catheter. Since the small emboli 
could pass through the steel umbrellas, two 
small nylon bristle brushes were delivered via 
catheter using a guidewire (Fig. 8). 

Ivalon emboli were then delivered and 
seemed to pile up at the site of the nylon 
brushes and the metal umbrella. At the comple- 
tion of the procedure there was practically no 
blood flow through the embolized hepatic ar- 
tery as evidenced by angiography. Obviously 
the foreign material acted as an excellent nidus 
for subsequent thrombus formation. 

Subsequent to the embolization procedure, 
the patient showed deterioration of liver func- 
tion with rise of SGOT to 720 units, which 
ultimately returned to 50 units, his bilirubin 
rose as high as 5.5 mgm but declined to 2.3 
mgm. Shrinkage of the liver by approximately 
5 cm above the pubis was noted, but he de- 
veloped more ascites and his abdominal girth 
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Fic. 8. Guidewire (A) with specially constructed 
blunt knob that was used to advance the stainless 
umbrella (B) and nylon brush (C). 
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Fic. 9. Thrombosis of hepatic artery at the site of the 
stainless umbrella (arrow). The collateral flow to 
the liver was maintained via unnamed branches 
from the aorta and inferior phrenic arteries. 


did not change. 

A follow-up angiogram in April, 1974, re- 
vealed complete occlusion of the hepatic artery 
at its origin with demonstration of collateral 
flow to the liver via branches arising directly 
from the aorta and inferior phrenic arteries 
(Fig. 9). Venous pooling in the previously dem- 
onstrated vascular spaces was markedly di- 
minished. 

On the morning of his last admission to the 
hospital, he was noted to be extremely lethargic 
and had a respiratory arrest. He was found to 
have a blood sugar of less than 10 mgm percent 
and received massive infusions of glucose. A 
nodule found in the right upper lung field was 
thought to be metastatic. It was felt that he 
became hypoglycemic because of his poor oral 
intake and the fact that his liver was unable to 
store glycogen. 

At autopsy a large nodular reddish-brown 
tumor replaced the entire liver. A portion of 
tumor was soft and necrotic possibly secondary 
to hepatic arterial embolization. The final diag- 
nosis was hemangiosarcoma of the liver with 
metastases to the lungs. Pathological examina- 
tion of the common hepatic artery shows the 
stainless umbrellas, nylon brushes, and the 
spongy material, namely polyvinyl alcohol 
(Ivalon) (Fig. 10). There was no distal em- 


a Ad. | 
Fic. 10, Postmortem examination of the hepatic 
artery reveals thrombosis. The arrows point to- 
wards the stainless umbrellas, nylon brushes, and 
Ivalon spongy material covered by fibrin. 


bolization due to the baffe created by the 
stainless steel umbrellas and nylon brushes. 
There was antegrade thrombosis of the main 
hepatic artery. 


Case 11. Patient J. S. was diagnosed as hav- 
ing a capillary hemangioma of the right ear at 
the age of two weeks. The lesion grew rapidly 
and formed a massive hemangioendothelioma 
on the neck and forehead. Two episodes of mas- 
sive external hemorrhage were treated with 
blood transfusions. A second course of predni- 
sone was given, and an angiogram revealed a 
very vascular hemangioma with little arterio- 
venous shunting (Fig. 11). 

There was congestive heart failure with the 
liver palpable 5 cm below the right costal 
margin. The huge heart and pulmonary edema 
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Fic. 11. Common carotid angiography reveals ex- 
tensive feeders from the external carotid branches 
to the huge vascular mass. 
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Fic. 12. Selective angiogram of the left thyrocervical 
artery reveals many feeders (arrors) to the mass. 





were felt to be due to high output failure. It 
was, therefore, decided to treat this patient by 
extensive Ivalon embolization in order to de- 
crease the vascular supply to the huge mass. 

On August 19, 1974, abdominal angiography 
was performed and excluded additional angi- 
omas in the abdomen. Feeders from the left 
thyrocervical trunk were selectively catherized 
and successfully embolized with Ivalon plugs 
(Fig. 12; and 13). Some of the feeders from the 
right subclavian artery were also catheterized 
and embolized as evidenced by sudden amputa- 
tion of the branches (Fig. 14). 

On August 23, 1974, a right brachial cut 
down was performed, and a No. 5 French red 
Kifa catheter was introduced selectively into 
the right thyrocervical trunk which was success- 
fully embolized with Ivalon plugs (Fig. 15; and 
16). Some of the other feeders from the right 
subclavian artery were also selectively entered 
and embolized. The patient’s congestive heart 
failure did not improve. 

Because of the potential danger of embolizing 
the internal cerebral circulation, embolization 
of the external circulation was carried out by 





Fic. 13. Note disappearance of major feeders 
following Ivalon embolization. 
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Fic. 14. Note obliteration of several feeders which 


are not named (arrows) from the right subclavian 
following embolization. 


surgical exposure of the left external carotid 
artery. A catheter was selectively introduced 
into the external carotid artery, and an angio- 
gram was performed. Large feeding vessels from 
the left occipital artery were identified and 
embolized. At the end of the procedure, no flow 
was seen to the mass vta the occipital artery, 
and the left external carotid artery was sur- 
gically ligated. The patient showed improve- 
ment as evidenced by increase in food intake 
and improved alertness. Objectively, there was 
no definite decrease in the size of the mass. 

A follow-up arch aortogram revealed prac- 
tically no new feeders either from the right 
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Fic. 15. Note many feeders (arrows) from the right 
thyrocervical artery to the huge vascular mass. 
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Fic. 16. Note sudden amputation of (arrow) right 
thyrocervical artery and disappearance of the 
feeder vessels following embolization. 


subclavian artery or left external carotid ar- 
teries. Small feeders from the left subclavian 
artery were thought to be insignificant and not 
suitable for selective catheterization emboliza- 
tion (Fig. 17). The patient was discharged with 
low doses of digitalis for congestive heart 
failure. 

In spite of successful embolization, the pa- 
tient remained in congestive heart failure which 
suggested the possibility of a complicating con- 
genital cardiac anomaly in spite of lacking elec- 
trocardiographic and clinical findings. Cardiac 
catherization revealed a cor triatriatum which 
was corrected surgically. 


A third patient with an arteriovenous 
malformation of the spinal artery under- 
went successful Ivalon embolization. This 





Fic. 17. An arch aortogram after complete emboliza- 
tion shows obliteration of all major feeders (com- 
pare with Fig. 11). 
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case will be the subject @f a separate report. 


DISCUSSION 


Angiomatous malformations with ar- 
teriovenous shunting are notoriously diffi- 
cult to correct by surgery. Ligation of the 
feeding artery results in rapid recurrence 
due to development of new feeders. In gen- 
eral, only surgical excision of the malforma- 
tion results in cure which is commonly not 
possible due to the location of the angioma- 
tous malformation. 

In recent years numerous embolic ma- 
terials as autogenous clots,!° silastic emboli, 
barium impregnated silastic balls, methac- 
rylate,® stainless steel pellets,‘ muscle, etc., 
have been suggested as embolic material. 
Ideally the injected emboli should reach 
the site of the arteriovenous malformation 
and should not enter into the venous com- 
ponent. With the injection of methacrylate, 
a liquid polymer, the liquid material may 
enter the venous side and may become 
embolized into the pulmonary artery. 

Barium impregnated silastic balls are at- 
tractive. This embolic material is very 
difficult to handle since it tends to cling to 
the injection syringe and connecting tub- 
ing. Furthermore, since the catheters are 
very small, such barium balls are minute 
and difficult to see with the naked eye or 
by roentgenography. They may cause only 
incomplete occlusion of the vessel, whereas 
in the case of Ivalon, the emboli irreversibly 
result in ultimate complete occlusion. 

Autogenous clot tends to break up upon 
injection through small catheters and em- 
bolize arteries which are not feeding the 
malformation. Furthermore, the possibility 
of cot lysis and recanalization is one of the 
major disadvantages of this technique. 

Ivalon sponge seems to be an ideal agent 
for securing permanent hemostasis and 
promoting thrombosis." The compressed 
sponge is readily injected and swells upon 
contact with blood. Incomplete occlusion 
of small arteries is, therefore, prevented. 
Once expanded, it is invaded by fibrocytes 
and becomes part of the patient tissue. 
Therefore, the material has been exten- 
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sively used in general and cardiac sur- 
gery??? 


S. Murthy Tadavarthy, M.D. 
Department of Radiology 
University of Minnesota Hospitals 
Minneapolis, Minnesota 55455 
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ration of this manuscript. 
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THE ROLE OF LYMPHANGIOGRAPHY 
IN CHYLOTHORAX* 


A REPORT OF SIX NONTRAUMATIC CASES 


By IRWIN M. FREUNDLICH, M.D. 


TUCSON, ARIZONA 


ABSTRACT: 


Six cases of nontraumatic chylothorax secondary to filariasis, postinflammatory 
thoracic duct obstruction, idiopathic lymphangiectasis with lymph node hypoplasia, 
lymphangioma and lymphoma (two cases) are reported. All cases were studied by 
lymphangiography, which provided considerable diagnostic information. In those 
cases which are undiagnosed at the time the chylothorax is discovered, a lymph- 
angiogram should be carried out prior to any therapeutic measures. 


‘Cele is an unusual prob- 
lem but frequently a difficult one both 
in establishing the underlying etiology and 
in management. A review of six nontrau- 
matic cases of chylothorax, which stimu- 
lated this report, has led to the conviction 
that a lymphangiogram is the key diag- 
nostic test and should be utilized in all un- 
diagnosed cases prior to any form of 
therapy. 

In a historical review by Jahsman,° quot- 
ing Brescia, Bartolet is credited with the 
initial description of chylothorax in 1633, 
and Quincke reported the first case in 1875. 
Kinmouth and Taylor were the first to 
show that the lymph system could be 
visualized roentgenographically and the 
first to demonstrate the thoracic duct by 
lymphangiography. Wallace et al.'8 gave 
impetus to the technique currently utilized 
in 1961 with their report of a large series of 
cases. In 1962 Laumonier et al.8 were the 
first to study specifically the thoracic duct 
by lymphangiography. 

Van Pernis! in 1949 studied over 1,000 
thoracic ducts and found the duct to be a 
variable structure, which may consist of 
several channels, but under normal condi- 
tions is always single from the cisterna chvli 
to the eighth thoracic vertebra. His measure- 
ments determined that the duct normally is 
two to four mm in diameter. Within the 
duct, valves are irregularly placed except for 


a terminal valve within one cm of the sub- 
clavian vein. Nusbaum e¢ a/." found that the 
thoracic duct varied from two to eight cm, 
and the variations of normal included two 
to as many as four ducts emptying into both 
subclavian veins. In some of their cases the 
thoracic duct emptied into the jugular vein 
rather than the subclavian. They also noted 
multiple valves with a constant one near 
the termination of the duct at its entrance 
to the venous system. These authors mea- 
sured flow rates of chyle in the thoracic 
duct at 60 to 100 ml per hour and thoracic 
duct pressure at the height of its maximum 
flow at ten to 28 cm of water. In cirrhotic 
patients as many as eight liters of chyle 
may pass through the duct daily. 

All milky effusions are not due to chyle 
in the thoracic cavity. Cholesterol pleural 
effusions associated with tuberculosis, rheu- 
matoid arthritis, and other inflammatory 
conditions may have a similar gross appear- 
ance but do not contain triglycerides and 
should not be confused with chyle. 

Table 1 is an etiological classification of 
chylothorax, which enlarges upon a previ- 
ous one by Gruwez et alt These authors 
list as a separate category congenital mal- 
formation of the thoracic duct. This entity 
probably falls either into the idiopathic 
lymphangiectasis or lymphangioma cate- 
gory and has not been listed separately in 


this Table. 


* From the Department of Radiology, University of Arizona, Arizona Medical Center, Tucson, Arizona. 
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TABLE Í 


CLASSIFICATION OF CHYLOTHORAX 








I. Traumatic interruption of the thoracic duct 
A. Operative trauma 
B. Penetrating trauma 
C. Blunt trauma 
II. Obstruction to normal flow of lymph 
A. Conditions which cause fibrosis 
1. Filariasis 
2. Tuberculosis 
3. Other inflammatory causes 
Thrombosis of the left subclavian vein 
. Idiopathic lymphangiectasis with lymph 
node hypoplasia 
. Primary lymphangioma 
. Other neoplasms (with or without lymphan- 
giectasis) 
1. Lymphoma 
2. Carcinoma 
III. Minute trauma superimposed upon I] 
IV. Neonatal chylothorax 
V. Idiopathic chylothorax 
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REPORT OF CASES 


Case 1. Fibrosis Secondary to Filariasis 
(Fig. 1). This 54 year old white male was ad- 
mitted to the Veteran’s Administration Hos- 
pital of the University of Arizona with swelling 
of the left side of his neck. Seven years prior to 
admission, while in India, filariasis was dis- 
covered. On one previous occasion since then 
he had had some swelling on the left side of his 
neck, which subsided quickly, and he had not 
sought medical attention. On the current ad- 
mission the enlargement on the left side of the 
neck also rapidly subsided. A chest roentgeno- 
gram revealed a small bilateral pleural effusion, 
which on thoracentesis proved to be chylous. A 
left supraclavicular lymph node biopsy was not 
rewarding. A lymphangiogram demonstrated 
unusually small and sparse lymph nodes as well 
as an interruption in the midportion of the 
thoracic duct with multiple collateral channels. 
There was retrograde filling of several channels 
in the left side of the neck and there was a small 
accumulation of contrast material in the left 
supraclavicular space. Because of the left 
supraclavicular lymph node biopsy, however, 
it was difficult to draw conclusions from these 
findings. The chylous effusions rapidly de- 
creased and the patient was discharged without 
therapy. 


Comment. The relationship between the 
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swelling of the left side of the neck and the 
chylous effusion in this patient is not en- 
tirely clear. Both could result from tempo- 
rary obstruction at the junction of the 
thoracic duct and the left subclavian vein. 
Gruwez et al.4 list three inflammatory or 
parasitic diseases which may be responsible 
for chylothorax. These are filariasis, tuber- 
culosis, and thrombosis of the subclavian 
vein. The small and scanty lymph nodes 
demonstrated in this patient are typical of 
those seen with fibrosis secondary to filari- 
asis, and the adequacy of the lymphatic 
system was undoubtedly compromised by 
the fibrotic lymph nodes. The roentgeno- 
grams also demonstrate interruption of the 
midportion of the thoracic duct with col- 
lateral channels, reflux into the lymph 
channels of the neck, and a lymphocele in 
the left supraclavicular space at the site of 
the recent biopsy. Although the exact path- 
way of the chyle in this case could not be 
determined, the transient swelling of the 
left side of the neck must be related to the 
chylothorax. Minute trauma superimposed 
on both a compromised lymphatic system 
and a previously interrupted thoracic duct 
is probably the best explanation. Tempo- 
rary obstruction of the left subclavian vein, 
also discussed by Gruwez, could have 
played a rôle or could have been entirely 
responsible. 

Filariasis is a more common cause of 
chyluria than chylothorax. Fifteen cases of 
chyluria were reported by Koehler and 
associates.’ 

Thrombosis of the subclavian vein has 
been incriminated as a cause of chylous re- 
flux into the lungs and pleura by Maier,” !° 
and he believes this may .be one cause of 
idiopathic pulmonary fibrosis. However, 
obstruction of the thoracic duct experi- 
mentally did not produce any long standing 
chylothorax or chylous ascites but only 
temporary lymphangiectasia and pleural 
effusion.} 

A high obstruction of the thoracic duct 
was reported by White and Urguhart,'® and 
this was probably secondary to trauma. 
Despite obstruction of the thoracic duct in 
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Fic. 1. Case 1. (4) Interruption of the midpor- 
tion of the thoracic duct with collateral chan- 
nels (curved arrow) and reflux of contrast 
material into the lymphatics of the left side 
of the neck (open arrow) are demonstrated. 
A temporary obstruction at the junction of 
the thoracic duct and left subclavian vein 
may have been present. What effect the 
previous left supraclavicular lymph node 
biopsy had upon the findings in the left side 
of the neck is unknown. (B) Close-up of the 
midportion of the thoracic duct demon- 
strating the multiple collateral channels. (C) 
A 24 hour oblique roentgenogram showing the 
sparse and small lymph nodes, common in 
patients who have had filariasis. 
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the neck in their patient, no swelling of the 
neck occurred, but dilated mediastinal and 
pulmonary lymphatics were demonstrated 
by lymphangiography. 

There are a number of benign conditions, 
which can cause lymph node abnormalities 
and can be confused with malignancy, as 
reported by Parker et al!* Chylothorax, 
however, was not reported in any of their 
cases. 


Case 11. Localized Obstruction of the Tho- 
racic Duct with Lymphangiectasis (Fig. 2). 
A 72 year old white male was admitted to the 
Good Samaritan Hospital, Phoenix, Arizona 
from another institution with a history of re- 
current chylothorax. The chylothorax was 
noted on routine chest roentgenograms during 
an admission for excision of chronic sialadenitis 
of the submaxillary gland. Past history was re- 
markable only in that the patient had a 14 year 
history of atrial fibrillation treated with di- 
goxin. Repeated thoracentesis at that time 
yielded chylous fluid on each occasion. On ad- 
mission to Good Samaritan Hospital, the 
physical examination was unremarkable except 
for slight liver enlargement. Laboratory studies 
were normal. A technetium sulfur colloid scan 
revealed a defect on the inferior margin of the 
liver. A lymphangiogram showed partial ob- 
struction of the thoracic duct at the level of the 
11th thoracic vertebra with questionable ero- 
sion of the anterior margin of the 12th vertebra. 
Aside from postinflammatory and fibrotic 
changes in the lower abdominal and pelvic 
lymph nodes, no other disease was seen. A liver 
biopsy was unremarkable and the patient was 
subjected to laparotomy. At surgery, a large 
inclusion cyst and several smaller cysts of the 
liver were noted, which pathologically were 
benign, unrelated ductal cysts. A “softball 
size? mass at the base of the mesentery was 
palpated, and was fixed to the mesentery. Mul- 
tiple deep biopsies revealed ectatic lymph ves- 
sels within adipose connective tissue associated 
with mild chronic inflammation. A review of 
this tissue revealed no evidence of lymphan- 
gioma. The patient was discharged with no 
specific therapy and required several thora- 
centeses thereafter. Reaccumulation of the 
chylothorax gradually ceased, however, and the 
patient is apparently well one year later. 


Comment. This patient evidentally de- 
veloped an inflammatory reaction around 
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the origin of his thoracic duct, which 
caused partial obstruction and led to 
lymphangiectasis and chylothorax. The 
etiology of the inflammation as well as the 
significance of the change in the vertebral 
body are entirely unclear. Since the abnor- 
mality apparently was localized to one area 
and the patient made a good recovery, this 
case appears unrelated to Case 111. 


Case 111. Idiopathic Ly mphangiectasis with 
Lymph Node Hypoplasia (Fig. 3). This 30 
year old white female was referred to the Uni- 
versity of Arizona Medical Center for evalua- 
tion of a left pleural effusion. Upon admission 
the physical findings were limited to the left 
side of the chest and on roentgen examination 
a large left effusion was noted with a smaller 
one on the right side. Thoracentesis on the left 
revealed a chylous effusion. A diagnostic left 
thoracotomy was carried out but was unreward- 
ing. Because of rapid reaccumulation of the left 
effusion following surgery, a second unsuccess- 
ful thoracotomy was made in an attempt to 
find and ligate the thoracic duct. Thereafter 
the patient was treated over an extended period 
of time with bilateral chest tube drainage. 
Shortly after the second thoracotomy a lymph- 
angiogram revealed hypoplastic lymph nodes, 
and multiple abnormal collateral channels in 
the abdomen extending to the left side of the 
diaphragm, many of which were ectatic. The 
patient was later released from the hospital 
and treated with a dietary regimen. She was 
readmitted on several occasions with chylous 
ascites, lymphedema, and recurrent pleural 
effusions. Gradual deterioration occurred with 
increasing shortness of breath secondary to the 
recurrent pleural effusions. Despite all sup- 
portive measures she expired 15 months after 
the initial admission to the hospital. Autopsy 
revealed idiopathic lymphangiectasia with 
widespread lymphatic dilatation and an in- 
creased number of lymphatic channels in the 
lungs, gastrointestinal tract, and nodal tissue. 
There was no evidence of a lymphangioma or 
other neoplasm. 


Comment. Despite careful interrogation 
of this patient no past illness could be 
elicited to account for the lymphangiectasia 
or hypoplasia of the lymph nodes. Although 
in some cases pulmonary fibrosis and 
smooth muscle hyperplasia are associated 
with lymphangiectasia, none was present 
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Fic, 2. Case 11. (4) A right chylothorax is present. 


(B) Obstruction of the thoracic duct just above i | i 
its origin is demonstrated with dilatation of the 
cisterna chyli. There is questionable erosion of 4 


the anterior surface of the 12th thoracic verte- 
bra (arrow). (C) A 24 hour roentgenogram 
reveals residual contrast medium in the dis- 
tended cisterna chyli. (Courtesy of Theodore 


Ditchek, M.D.) 


in this patient. Camiel ef al in 1971 re- 
ported a similar case. Their patient also had 
chylous effusions in the abdomen and chest 
and hypoplastic lymph nodes, but they did 
not report lymphangiectasis. Lymphocyto- 
penia was present, however, which they 
believed to be due to lymphocyte depletion, 
as at autopsy no malignancy was found. 
These authors were able to demonstrate 
free contrast medium within the chylo- 





thorax following lymphangiography. In our 
patient the thoracic duct was well demon- 
strated, and in both cases the possibility of 
minute trauma superimposed upon a con- 
genital lymphatic insufficiency must be 
considered. 

Case 1v. Lymphangioma (Fig. 4). This eight 
and one half year old white female child initially 
was admitted to the University of Utah Hos- 
pital for a limp associated with a short extrem- 
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Fic. 3. Case 111. (4) There is a large left 
chylous pleural effusion. (B and C) 
Multiple abnormal lymphatic chan- 
nels, many of which are ectatic, are 
present in the upper abdomen. (D) 
Collateral channels coursing under the 
diaphragm can be seen. (E) A 24 hour 
roentgenogram demonstrates residual 
collateral channels, particularly on the 
left side of the abdomen with a very 
small and sparse lymph node pattern. 
The number of lymph nodes in the 
pelvis, particularly on the right side, 
was also fewer than expected. 
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ity. A bone lesion was noted roentgenograph- 
ically in the left femur and a subsequent biopsy 
was interpreted as a capillary hemangioma. 
The patient later sustained multiple patholog- 
ical fractures of the extremity. An arteriogram 
was carried out in a retrograde manner through 
the right femoral artery and showed accelerated 
filling of the venous system in the left thigh, 
but there was no typical blush of a heman- 
gioma. A lymphangiogram demonstrated ab- 
normal lymphatic vessels corresponding to the 
level of soft tissue involvement but the contrast 
medium became too dilute to demonstrate a 
communication with the osseous lesion. Despite 
perfusion with sclerosing agents the lesion in- 
creased in size and after a fourth pathological 
fracture, amputation was carried out. Milky 
lymphatic fluid, probably chyle, was noted 
exuding both from the fracture site initially, 
and later, following the amputation, from the 
stump as well. The final diagnosis was angioma, 
probably lymphangioma. The patient was re- 
admitted approximately four years following 
the first admission with shortness of breath. 
Chest roentgenograms revealed a large right 
effusion, which upon examination following 
thoracentesis was chylous. Later during the 
same admission mediastinal widening was 
noted and a lymphangioma of the mediastinum 
was suspected. A lymphangiogram carried out 
at that time demonstrated multiple lymphatic 
vessels coursing into the mediastinum compat- 
ible with a lymphangioma. The patient was 
discharged from the hospital on supportive 
therapy. 


Comment. A primary lymphangioma or 
lymphangiomatosis is usually characterized 
by tumors in the mediastinum or retro- 
peritoneal area which involve the lym- 
phatic system and usually the thoracic 
duct. The chylothorax is probably second- 
ary in these cases to obstruction by the 
tumor with collateral channels formed be- 
tween the chyle bearing lymphatics of the 
abdomen and the pleural space. The tumor 
is probably hamartomatous in origin, non- 
metastasizing, and consists histologically 
of smooth muscle bundles interspersed with 
anastomosing lymphatic channels.!2 The 
channels and cystic spaces are lined with 
flat cuboidal endothelial cells and are sepa- 
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Fic. 4. Case tv. Multiple bizarre, ectatic channels 
are demonstrated in the mediastinum compatible 
with lymphangiomatosis. (Courtesy of P. Ruben 
Koehler, M.D.) 


rated by fibrous septa of varying thickness. 
While a lymphangioma or lymphangioma- 
tosis is a true neoplasm, histologically dis- 
tinct and quite different from lymphangi- 
ectasis, the two conditions can be at times 
confused even histologically." A localized 
collection of ectatic lymph vessels, lym- 
phangiectasis, whether primary or second- 
ary, should not be classified as a neoplasm. 


Case v. Obstruction Secondary to Lymph- 
oma (Fig. 5.) This 59 year old white female was 
admitted to the University of Arizona Medical 
Center for treatment of lymphoma. Four 
months prior to admission the patient noticed 
a lump on the right side of her neck for which 
she did not seek medical care until two weeks 
prior to admission. At that time she was ad- 
mitted to another institution and a biopsy was 
carried out. Pathologic examination of the 
specimen revealed nodular lymphocytic lym- 
phoma. Physical examination upon admission 
to the University of Arizona Medical Center re- 
vealed diffuse bilateral superficial lymph- 
adenopathy and moderate splenomegaly. A 
chest roentgenogram demonstrated a left 
pleural effusion as well as probable mediastinal 
and hilar lymphadenopathy. A left thoracen- 
tesis was carried out and 1,200 cc of a milky 
brownish-white fluid was removed, which on 
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Fic. 5. Case v. (4) A large left chylous pleural 
effusion is present. (B) An intravenous uro- 
gram carried out immediately prior to the 
lymphangiogram shows bilateral hydrone- 
phrosis, more marked on the right with a right 
hydroureter. Abnormal lymphatic channels 
and lymph nodes can also be seen. (C) 
Lymphomatous lymphadenopathy is present 
in the pelvis with no significant visualization 
of para-aortic lymph nodes because of com- 
plete replacement by lymphoma. 


examination was found to be chyle. Two days demonstrated massive lymphoma with involve- 
after admission an intravenous urogram re- ment of all the lymph nodes in the pelvis. There 
vealed retroperitoneal masses displacing each was very poor filling of the retroperitoneal 
ureter, and a lymphangiogram on the same day para-aortic lymph nodes. The patient then un- 
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derwent a staging laparotomy, which included 
splenectomy and biopsy of the liver, multiple 
lymph nodes, and bone marrow. The entire 
retroperitoneal space on both sides was filled 
with large firm tumor masses. Pathologic 
examination of the surgical specimens revealed 
nodular lymphocytic lymphoma involving the 
pelvic and mesenteric lymph nodes, spleen and 
liver. Following recovery from surgery the pa- 
tient was treated with limited local irradiation 
to the pelvis and placed on maintenance chemo- 
therapy. 


Comment. Although lymphangiectasis sec- 
ondary to lymphoma was not visualized in 
this patient, chyle was undoubtedly carried 
by collateral channels through the dia- 
phragm into the left pleural space. 


Case vi. Obstruction Secondary to Lym- 
phoma (Fig. 6). This 36 year old white male 
was admitted to the M. D. Anderson Tumor 
Institute and Hospital with a previously bi- 
opsy proved lymphoma. On initial examination 
peripheral lymphadenopathy was present as 
well as an abdominal mass. He was treated as 
an out-patient with a chemotherapeutic agent 
and readmitted to the hospital a few months 
later. Physical examination revealed peripheral 
cervical lymphadenopathy, a small midabdom- 
inal mass, minimal hepatomegaly, and spleno- 
megaly. Chest roentgenograms revealed a 
massive left pleural effusion, which was found 
to be chylous. A lymphangiogram demonstrated 
multiple collateral channels in the upper ab- 
domen with probable obstruction of the tho- 
racic duct in the lower portion of the thorax. 
Biopsy of the right inguinal lymph node area 
revealed a nodular poorly differentiated lym- 
phocytic lymphoma. The patient was referred 
for radiation therapy and maintenance chemo- 
therapy. 


Comment. Chylothorax is much more 
common secondary to malignancies other 
than a primary lymphangioma. In a series 
of cases from the Mayo Clinic, Roy and co- 
workers!’ found 67 percent of their 52 cases 
secondary to some neoplastic condition. 
Only one of these was found to be benign 
while 23 out of 34 malignancies were due to 
lymphoma. McFarland and Holman" found 
malignancy as a cause of chylothorax in 
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Fic. 6. Case vi. (4) Multiple abnormal lymphatic 
channels, some of which are moderately ectatic, 
were demonstrated in this patient who had chylo- 
thorax at this time. (B) A 24 hour roentgenogram 
demonstrates multiple abnormal lymph nodes in 
the upper abdomen, mostly on the left side. 
(Courtesy of Sidney Wallace, M.D.) 


seven out of 15 cases, and lymphoma was 
responsible for four of these. Bower? in 20 
cases found ten secondary to a neoplastic 
condition with six due to lymphoma. It has 
been postulated that the malignant involve- 
ment of the para-aortic lymph nodes and 
cisterna chyli leads to obstruction and chyle 
then seeks collateral lymphatic pathways 
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a 
through the abdomen and diaphragm often 
ending in the pleural space, although chy- 
lous ascites may also occur. Secondary lym- 
phangiectasis in these cases is common. 
While the eventual outcome of the neo- 
plastic condition is rarely favorable, treat- 
ment of the underlying disease with radi- 
ation or chemotherapy frequently leads to 
a regression of the chylothorax if the ob- 
struction is relieved. 


NEONATAL CHYLOTHORAX 


Yancy and Spack” in a thorough review 
of the literature in 1967 reported on 36 
cases of neonatal pleural effusion, 18 of 
which were chylous. The etiology is un- 
known and birth trauma has been sus- 
pected. However, although most recovered, 
in seven of their autopsied cases, no damage 
to the thoracic duct was found. 


CONCLUSIONS 


It can be safely assumed that chylo- 
thorax is secondary either to interruption 
or obstruction of the lymphatic system. In 
the absence of a traumatic incident, except 
for neonatal chylothorax, one may conclude 
that the chylothorax is due to lymphatic 
obstruction with formation of collateral 
channels. Chylous lymphatic fluid finds its 
way into the pleural space through these 
collateral pathways, which are often ectatic. 
A lymphangiogram done at this point 
should determine the site and possibly the 
cause of the obstruction. The most impor- 
tant differentiation will be between a neo- 
plastic and a benign condition. If neoplasm 
can be excluded, the next differential point 
will be to determine whether the patient 
has an inadequate lymphatic system sec- 
ondary to postinflammatory fibrosis or 
idiopathic lymph node hypoplasia. A local 
obstructing condition, whether benign or 
neoplastic, may well be amenable to ther- 
apy, even though the therapy may be only 
temporarily beneficial. The lymphangio- 
gram is certainly the key diagnostic test as 
it should determine whether the basic dis- 
ease 1s benign or malignant, generalized or 
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localized, and may even point toward a 
specific diagnosis. In addition, it should 
provide useful information for the surgeon 
or radiation oncologist in planning therapy. 


Department of Radiology 
Arizona Medical Center 
Tucson, Arizona 85724 
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PERIPHERAL VASCULAR PERFUSION SCANNING* 


CORRELATION WITH THE ARTERIOGRAM AND CLINICAL ASSESSMENT 
IN THE PATIENT WITH PERIPHERAL VASCULAR DISEASE 
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BALTIMORE, MARYLAND 


ABSTRACT: 


Peripheral vascular perfusion scan during rest and reactive hyperemia does not 
necessarily offer the same information as the arteriogram or the clinical assessment 
of the peripheral pulses. The information obtained from the peripheral vascular 
perfusion scan offers potentially clinically useful information regarding the physio- 
logic significance of various arterial lesions to the surgeon in selection of his thera- 
peutic approach. The peripheral vascular perfusion scan uniquely and under varied 
physiologic conditions permits assessment of the effect of arterial disease on the 
distribution of perfusion within the extremity. The peripheral vascular perfusion 
scan is not in competition with, but is complementary to, arteriography and clinical 
assessment of the patient with peripheral vascular disease. 


DETAILED anatomical study of the 
major vessels of the extremity, such 
as that provided by contrast arteriography, 
is essential in the preoperative evaluation 
of the patient with suspected peripheral 
vascular disease. However, neither the 
physiologic significance of the detected 
large vessel disease, in terms of the effect on 
the relative distribution of perfusion, nor 
the extent and distribution of perfusion 
from visualized or nonvisualized collaterals 
can be assessed by what is essentially a 
morphologic study. The relative distribu- 
tion of perfusion in an extremity, both at 
rest and under various physiologic stresses, 
can, however, be visually assessed by scin- 
tillation scanning of the distribution of 
intra-arterially injected radioactive albu-- 
min microspheres.®!° 
The purpose of this study is to correlate 
the relative distribution of perfusion within 
an extremity, as depicted in peripheral vas- 
cular perfusion scans performed at rest and 
during the vasodilatation of reactive hy- 
peremia, with the arteriographic and clini- 
cal findings. This was done to assess 


the physiologic effect of the morphologic 
changes seen on the arteriogram and to 
answer this question: Does the peripheral 
vascular perfusion scan offer the same in- 
formation as that obtained from contrast 
arteriography and the clinical assessment 
of the peripheral pulses? For, if we are in- 
deed evaluating a different aspect of pe- 
ripheral vascular disease and thereby sup- 
plying, not identical, but additional, poten- 
tially useful data regarding the nature of 
the disease, then the answer to this ques- 
tion should be no. 


MATERIAL AND METHOD 


A consecutive group of 30 patients with 
symptomatic peripheral vascular disease, 
who were referred to our cardiovascular 
laboratory for contrast angiography, was 
selected for the study. All patients had 
their perfusion studies at the time of the 
translumbar arteriogram. The method used 
is essentially the same as previously de- 
scribed’ and is briefly as follows: 15 minutes 
after the completion of translumbar arteri- 
ography, with the patient again in the 
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basal state, s-1o mCi of *=Tc labelled hu- 
man serum albumin microspheres (15-30 u 
in diameter) were rapidly injected through 
the aortic catheter, whose tip had been 
fluoroscopically positioned just below the 
renal arteries. The patient’s legs were then 
inserted into full leg inflatable stockings 
which were inflated to ṣo mm of Hg above 
the patient’s systolic blood pressure and 
maintained at that pressure for 5 minutes. 
After release of the pressure and during the 
peak of the reactive hyperemic response, 
s-1o mCi of !In labelled albumin micro- 
spheres (15-30 u in diameter) were rapidly 
injected through the catheter. Anteropos- 
terior rectilinear scans of the extremities, 
using §:1 minification were then obtained. 
One set of scans was made for each isotope. 

The perfusion scans and the arteriograms 
were then evaluated independently as to 
extent and location of the disease and the 
possible clinical findings which might be 
expected. For this, it was assumed that if 
there was a stenosis of a major vessel of 
greater than 50 percent, then significant 
clinical findings such as claudication, ab- 
sence of peripheral pulses, or an abnormal 
perfusion pattern on the scan might be 
expected distal to the stenosis or occlusion. 


RESULTS 


The following two cases are presented to 
illustrate examples of what we define as a 
normal study and one which is abnormal. 
Figure 1 is a normal rest and reactive hy- 
peremia scan in a 71 year old Caucasian 
female with vague shooting pains down 
both legs. The translumbar arteriogram 
was completely normal. The distribution of 
the radiopharmaceutical both at rest and 
during reactive hyperemia is proportional 
to muscle mass with a relative hypoper- 
fusion to the non-muscular structures of 
the extremity, i.e., the knee and ankles. In 
reviewing the six normal cases done to date, 
it became apparent that, in the normal, the 
relative perfusion to the calf can be as little 
as 60 percent of that of the thigh. This is, 
most likely, related in part to the relative 
muscle mass difference between the thigh 
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Fic. 1. Normal rest and reactive hyperemia scan in 
71 year old female with vague symptomatology 
and normal arteriogram. Note that the radioactiv- 
ity is distributed in proportion to muscle mass. 


and the calf. Figure 2 is a rest and reactive 
hyperemia scan of a 41 year old Caucasian 
male with left calf claudication. The arteri- 
ogram demonstrated bilateral superficial 
femoral artery occlusion with reconstitu- 
tion at the popliteal level and good run-off 
bilaterally. As can be seen in comparing the 
two scans when the circulation is stressed, 
it is the left calf, where the patient is 
symptomatic, which is relatively hypoper- 
fused. It should be noted that, although the 
left calf is relatively hypoperfused, flow 
which does get to the knee and below tends 
to go primarily to muscular structures 
rather than to the knee and ankle, which 
are primarily non-muscular. 

Correlating the extent and location of 
the disease seen on the rest scans with the 
arteriogram, we essentially verified the 
poor correlation as noted in a previous 
study by Giargiana ef al.’ In our present 
group of patients, 37 percent had a posi- 
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Fic. 2. An abnormal rest and reactive hyperemia 
scan in 41 year old male with left calf claudication. 
Note that when circulation is stressed it is the left 
calf which demonstrates a relative hypoperfusion. 


tive correlation between scintillation and 
arteriographic findings, while 50 percent 
had less extensive disease and 13 percent 
had more extensive disease (Table 1). 
Utilizing the reactive hyperemia scan, the 
distribution of results was quite similar 
with 40 percent positive correlation, 20 per- 
cent more, and 40 percent less extensive 
disease seen on the scan (Table 1). We 
noted that the vast majority of the patients 
with more extensive disease on the scan 
were diabetics with essentially normal ar- 
teriograms, in which the scans suggested 
diffuse small vessel disease.®’ 

We then attempted to reconstruct the 
perfusion scan from the knowledge of the 
presence or absence of the various periph- 
eral pulses. For instance, if the femoral 
pulse was present, one might expect a nor- 
mal thigh perfusion pattern, while if a 
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superficial femoral artery was obstructed, 
with subsequent loss of the popliteal pulse, 
one might expect an abnormal pattern or 
relative decrease in perfusion in the ipsi- 
lateral calf. Rather than duplicate a pre- 
viously published and rather tedious in- 
vestigation,’ we used only the reactive 
hyperemia scan for this aspect of the study. 
We found that if the femoral pulse was 
present, there was a normal perfusion pat- 
tern noted in the thigh of 100 percent of 
the cases. If the femoral pulse was not 
palpable, an abnormal perfusion pattern 
was seen in only 31 percent, while 69 per- 
cent still demonstrated a normal perfusion 
pattern (Table 11). 

In reviewing the calf perfusion pattern 
in relation to the presence or absence of the 
various pulses we noted the following: 
(1) when the popliteal pulse was present, 
go percent of the cases had a normal calf 
perfusion pattern, while ten percent had an 
abnormal pattern; (2) when the popliteal 
pulse was absent there was approximately 
a so percent chance of still having a nor- 
mal perfusion pattern in the calf; (3) the 
distribution of the data in relation to the 
dorsalis pedis and posterial tibial pulses 
was quite similar in that there was a high 
probability of having a normal perfusion 
pattern when the pulse was present and 


TABLE I 


CORRELATION OF PERFUSION 
SCANS AND ARTERIOGRAMS 











No. Percent 
Category of of 
Patients Total 
Rest Scan 
Positive correlation of scan and 
arteriogram II 37 
Less extensive disease on scan I5 50 
More extensive disease on scan 4 13 
Reactive Hyperemic Scan 
Positive correlation of scan and 
arteriogram 12 40 
Less extensive disease on scan 12 40 
More extensive disease on scan 6 20 
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Tase II ° 


CORRELATION OF REACTIVE HYPEREMIA PERFUSION OF THE THIGH AND PRESENCE OF FEMORAL PULSE 


Total No. of 

Extremities 
Femoral pulse present 47 
Femoral pulse absent 13 


approximately a ṣo percent chance of still 
having a normal perfusion pattern when 
the pulse was absent (Table 111). 

The final comparison of the arteriogram, 
the perfusion scans, and the clinical data 
involved the ability to reconstruct, without 
prior clinical knowledge of the patients, 
their symptomatology using the arterio- 
gram and the scans. A major muscle group 
of the extremity was either symptomatic or 
not, with no attempt made to grade or cor- 
relate the severity of the symptoms with 
the finding on the arteriogram or scans. 

Using the arteriogram our predictions 
agreed with the patients’ symptomatology 
in only 53 percent of cases. Using the rest 
scan alone, the results were similar, with 
agreement in 60 percent of cases. However, 
when viewing the rest and reactive hyper- 
emia scans and noting the changes which 
occur in the relative distribution of per- 
fusion to the muscular and non-muscular 
elements of the extremity, there was agree- 
ment in 83 percent of the cases (Table tv). 


Normal Perfusion Scan 


Abnormal Perfusion Scan 


Pattern (Percent) Pattern (Percent) 


100 
69 31 


DISCUSSION 


One prerequisite for acceptance of a new 
diagnostic or prognostic procedure is that 
it must offer previously obtainable informa- 
tion more easily or offer new, potentially 
clinically useful information about a disease 
process. 

At present, information of various types 
can be obtained concerning the status of 
the peripheral circulation. In addition to 
the history and physical examination, nu- 
merous instrumental methods have been 
applied to comprehend more fully the 
pathologic process of peripheral vascular 
disease. ! Some, such as !Xe clearances, 
examine the actual blood flow per weight of 
tissue of a very minute portion of the in- 
volved extremity,! while others rely on the 
presence of pulsatile flow in major vessels.’ 
The most widely accepted method, con- 
trast angiography, is a morphologic study 
and, therefore, although it offers detailed 
anatomical information of the major ves- 
sels, it offers very little information about 


TABLE III 


CORRELATION OF REACTIVE HYPEREMIA PERFUSION PATTERN OF 
THE CALF AND PRESENCE OF PERIPHERAL PULSES 


Total No. of 
Extremities 


Abnormal Perfusion 
Scan Pattern 


Normal Perfusion 
Scan Pattern 





(Percent) (Percent) 
Popliteal pulse present 18 92 8 
Popliteal pulse absent 42 55 45 
Dorsalis pedis pulse present 16 88 12 
Dorsalis pedis pulse absent 44 57 43 
Posterior tibial pulse present 1S 87 13 
Posterior tibial pulse absent 45 54 46 
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TABLE IV 


CORRELATION OF PATIENT'S SYMPTOMATOLOGY 
WITH ARTERIOGRAM AND SCAN FINDINGS 








No. of Percent 
Patients of Total 
a ee EN LEINE a ee ah Ee O 
Arteriograms and Patient’s Symptomatology 
Agreement 16 53 
No agreement 14 47 


Rest Scans and Patient’s Symptomatology 
Agreement 18 60 
No agreement 12 40 


Reactive Hyperemia Scans and 
Patient’s Symptomatology 
Agreement 25 8 3 
No agreement 5 17 





the physiologic effect of the visualized dis- 
ease in terms of perfusion. For this reason, 
in a manner analogous to the pulmonary 
perfusion scan, the intra-arterial injection 
of radioactive particles was applied to the 
evaluation of perfusion of the extremities.‘ 
This permitted an evaluation of the relative 
distribution of perfusion in the muscular 
and non-musctilar portions of the extremity 
at the level of the microcirculation. It also 
permits one to assess the physiologic sig- 
nificance of the vascular disease in terms of 
alterations in relative perfusion, and the 
relative effectiveness of visualized and non- 
visualized collateral vessels to perfuse the 
muscular and non-muscular segments of the 
extremity. 

As was seen by the poor correlation in 
both the rest and reactive hyperemia scans, 
the stenotic lesion on the arteriogram does 
not necessarily imply an alteration in rela- 
tive perfusion within the extremity as de- 
fined by our study. However, the ability to 
visualize the changes which do occur in 
relative distribution of perfusion when the 
circulation is stressed has permitted our 
surgical colleagues to appreciate more fully 
which of the frequently multiple, arterio- 
graphic abnormalities are physiologically 
significant. Although at this time our ex- 
perience in utilizing this information in this 
manner is limited, it appears to be helpful 
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in terms of noting points of fixed resistance 
and noting which end organ receives its 
blood supply. For example, the scans in 
Figure 2 suggest that in this case if in- 
creased flow could be brought down the 
patent channels in the extremity, by by- 
passing the physiologically significant prox- 
imal obstruction, its distribution will be 
primarily to the muscular structures, where 
it is needed. As we have previously re- 
ported, many patients do not have this 
distribution pattern and tend to distribute 
the perfusion in their extremity in propor- 
tion to surface area rather than muscle 
mass or, with stress, to increase the relative 
proportion of perfusion to the non-muscular 
structures. The decision as to which surgi- 
cal approach, if any, is indicated in a par- 
ticular patient is frequently difficult.?8 This 
information, although only recently ap- 
plied in this manner, has aided in formu- 
lating the optimum surgical approach to 
the particular patient. 

Our findings of poor (55 percent) corre- 
lation of the rest scan and good correlation 
(85 percent) of the reactive hyperemia scan 
with the patient’s symptomatology sup- 
ports the concept that when looking at the 
two studies together one is looking at the 
distribution of perfusion both at rest, when 
many patients are asymptomatic, and 
under stress, when the patient is symptom- 
atic. The poor correlation between the 
arteriogram and the patient’s symptom- 
atology does not in any way degrade the 
arteriogram but affirms the hypothesis that 
the arteriogram is basically a morphologic 
study and does not necessarily yield data 
regarding the physiologic significance of 
the disease it detects. 

Finding a normal distribution of relative 
perfusion in approximately ṣo percent of 
cases with no palpable pulses proximal to 
the muscle bundle in question supports the 
concept that a palpable pulsatile arterial 
How is not a prerequisite for normal rela- 
tive distribution of flow in an extremity. In 
this same regard, we also see that the pres- 
ence of palpable arterial flow indicates a 90 
percent probability that the relative dis- 
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tribution of perfusion distal to that pulse 
will be normal. 


Michael E. Siegel, M.D. 

Division of Nuclear Medicine 

The Johns Hopkins Medical Institutions 
615 North Wolfe Street 

Baltimore, Maryland 21215 
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EXPERIENCE IN PARATHYROID SCANNING* 


By L. BARRY ARKLES, F.R.A.C.P. 


MELBOURNE, VICTORIA, AUSTRALIA 


ABSTRACT: 


In our experience, the low success rate of ®Se parathyroid studies does not justify 
continuance of the test as a routine diagnostic procedure. The initial results using 
the "Tc Or—™] subtraction technique are encouraging but further experience is 
required in order to ascertain whether this procedure will justify a place as a routine 
test in the localization of parathyroid adenoma. 


TS greater awareness and consequent 
earlier diagnosis of hyperparathyroid- 
ism on clinical and biochemical grounds 
have increased the importance of improving 
methods of preoperative localization of 
parathyroid adenomas. While there have 
been significant advances in angiographic 
and radioimmunoassay techniques*”:§ over 
the past few years, a satisfactory non- 
invasive technique is yet to be found, al- 
though preliminary experience with para- 
thyroid thermography is encouraging.’ 
Parathyroid scanning has never become a 
routine diagnostic investigation because 
the standard selenomethionine (Se) studies 
have in most series been shown to give a 
low diagnostic yield.*4 In view of this, it 
was decided to try new methods of para- 
thyroid adenoma visualization with the 
aim of evolving a more satisfactory scan- 


ning technique. This article reviews the 
first 50 parathyroid studies performed on 
42 patients in the Department of Nuclear 
Medicine, Repatriation General Hospital, 
Melbourne, over the past two years. The 
results confirm the inadequacy of routine 
Se studies in the localization of parathy- 
roid adenomas, Our experience with various 
subtraction techniques is documented, and 
follow-up in these cases suggests that para- 
thyroid subtraction scanning may prove 
to be a worthwhile investigation in the 
diagnosis of parathyroid adenoma. 


MATERIAL AND METHOD 


All 42 patients were suspected of having 
a parathyroid adenoma on clinical and bio- 
chemical grounds. In more than half the 
patients there was a preceding history of 
recurrent renal calculi. Eight of the patients 


TABLE | 


RELIABILITY OF PARATHYROID SCANNING 


S888SSSsM0M0"—=9099M™$”@”©3 Sse a I Imu uu umuma 








Ad +VE Scans Confirmed Total Correct Scan Result 
Adenomas 
Ne —VE Scans Scans — 
i No. Percent No. No. No. Percent 

aaa ee 
Dual peak ™Se 14 3 21 14 29 17 58 
Sequential °™Tc 4* 3 75 4 6 5 83 
5Se—11] subtraction E I Aa I 4 2 50 
%Se—9™Tc subtraction I I 100 I 2 2 100 
99m'T'c — 151] _subtraction 6 4 66 2 gt 6 75 

28T 12 42.8 20 50 39 64 


* One patient had three parathyroid adenomas. 

t Eight patients had two different scanning techniques used. 

f In one case the study was positive but follow-up nine months later revealed that the patient was advised to have operation, but 
refused. 


* From the Department of Nuclear Medicine, Repatriation General Hospital, Heidelberg, Melbourne, Victoria, Australia. 
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TABLE II 


SIZE OF PARATHYROID ADENOMAS IN 
9mT'c OF —811 SUBTRACTION STUDIES 
Case No. 


Size Position* 





(1) +ve scan 2.1X0.8X0.6cm Left lower 


(2) +ve scan 1.5X0.8 cm Left lower 
(3) +ve scan 2.5X1.5 cm Left upper 
(4) +ve scan 2.0X1.0 cm Left upper 
(5) —ve scan 1.5X1.0cm Right upper 
(6) —ve scan 1.3X1.0 cm Right upper 


* All the adenomas were situated in conventional positions 
behind the thyroid gland. 


had two different scanning techniques per- 
formed. 

Five different methods were used (Table 
1). Twenty-nine studies were performed 
with a dual peak Se technique.!° Two 
hundred and fifty wCi of Se were given 
intravenously following a course of triiodo- 
thyronine (T-3) 80 ugs daily for one week. 
Four sequential scans of the neck were then 
performed over a two hour period. Eight of 
these patients had parenteral glucagon? 
(0.5-1.0 mg intramuscularly) prior to com- 
mencement of the study. Six patients had 
sequential Tc OF studies, one following 
T-3 thyroidal suppression and five utilizing 
potassium perchlorate suppression or wash- 
out techniques. Four patients had Se], 
and two, "Se—**™T’c Of subtraction studies. 
Nine patients had Tc O;—" I subtrac- 
tion studies. Fifty „Ci of “I were given 
orally 24 hours before the study and 2 mCi 
of Tc Or intravenously 15 minutes be- 
fore commencement of three sequential 
subtraction scans. In the latter group, all 
patients had both %™T¢ Oy and ™I thyroid 
scans as well as the subtraction studies per- 
formed. Dual channel facility enabled si- 
multaneous performance of the I thyroid 
scan. The upper head of a Selo digital dual 
head rectilinear scanner using a high energy 
collimator was used for all these studies. 


RESULTS 


The results are as shown in Table 1. It 
can be seen that although the over-all re- 
sults are acceptable when the confirmed 
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Fic. 1. (4) Normal preliminary ®Tc OF quantita- 
tive thyroid scan. (B) Twenty-four hour ™!I scan. 
(C) Normal subtraction study. 


negative scans are included, when review- 
ing only those patients with proved ade- 
nomas, the “Se techniques are unsatisfac- 
tory with a success rate of only 27 percent. 
The success rate in those studies using the 
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9mTc O;—"! subtraction technique was 
66 percent. The diagnosis was confirmed 
in all cases by neck exploration and re- 
moval of the adenoma except in one case in 
which the diagnosis was confirmed at post 
mortem. The size of the parathyroid ade- 
nomas in this group are as indicated in 
Table 11. Cases were considered negative 
(Table 1) on follow-up when the final diag- 
nosis was thought not to be parathyroid 
adenoma. The follow-up period varied from 
a minimum of seven months to two years. 
One negative scan result was confirmed at 
neck exploration when four normal para- 
thyroid glands were found. There was one 
false positive sequential Tc Or study 
and one false positive Se study. 


DISCUSSION 


The small size and retrothyroid situation 


Fic. 2. Case 4. (4) Preliminary %™Tc OF quanti- 
tative thyroid scan. (B) Twenty-four hour ™] 
thyroid scan. (C) Subtraction study, with in- 
creased uptake in the region of the upper pole 
of the left lobe of the thyroid. The activity on 
the right probably represents the superior thy- 
roid artery. 


of most parathyroid adenomas, coupled 
with a significant variation in cell type and 
vascularity, make it unlikely that any 
simple scanning method will be consistently 
successful in the localization and possible 
diagnosis of parathyroid adenomas. It is 
generally accepted that Se studies are of 
limited value, particularly in small ade- 
nomas, and this is confirmed in our expe- 
rience, where despite such refinements as 
dual peak utilization, sequential studies, 
quantitative counting, and glucagon stimu- 
lation they have proved disappointing. The 
fact that Se is incorporated within thyroid 
tissue, which in most instances directly 
overlies the adenoma, precludes good reso- 
lution. Following suppression of the thy- 
roid gland a variable amount of activity 
within the thyroid may still persist, in addi- 
tion to significant blood pool activity in the 
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neck. Subtraction of the thyroid image 
from the scan by electronic means provides 
satisfactory resolution of an underlying 
lesion (Fig. 1-4). 

It is of interest that in those studies using 
75Se the over-all success rate in the 18 con- 
firmed adenomas (Table 1) was only 27 per- 
cent in contrast to the eleven studies using 
9mTc Or with a success rate in the ade- 
nomas of 72 percent. This is probably re- 
lated to the marked improvement in sta- 
tistical quality and resolution of scans 
using this latter isotope. The sequential 
post suppression °*™T'c Ory studies were not 
persisted with, as the false negative scan in 
this group also gave a false positive result 
due to an autonomous thyroid nodule, a 
documented cause of Se false positive 
parathyroid scans.® The “Se—"™'I subtrac- 
tion studies were also not continued with in 
view of the excessive contribution of I to 
the Se channel and the fact that localiza- 
tion of parathyroid adenomas was found to 
be more satisfactory with ®Tc Ory than 
the Se. Two patients with confirmed para- 
thyroid adenomas had positive Tc 
O;—"!] subtraction scans and negative Se 
studies. 

The most recent group of patients had 
9mTc O;—[ subtraction studies per- 
formed. This technique has several ad- 
vantages. The statistical quality of the 
study is far superior to that using Se, and 
the I contribution to the "Tc Or chan- 
nel can be compensated for by giving an 
appropriate dose of *™T'c Or and setting a 
narrow window for the 140 kev energy peak 
of this isotope. The problem of a false posi- 
tive result from a thyroid nodule is also 
overcome, as the nodule should be apparent 
on the ™!J scan and thus subtracted from 
the final image. It must be appreciated, 
however, that the kinetics of these radio- 
isotopes differ as the °™Tc Or reflects early 
thyroidal trapping only, and the 24 hour 
31] scan indicates late organified activity. 
Some nodules may therefore show greater 
affinity for ™TcO; at the time of the 
subtraction study. This need not negate 
the value of the study, as long as late phase 
sequential scans are performed (Fig. 4C). 
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Fic. 3. Case 1. (4) Twenty-four hour ™J scan, 
(B) Fifteen minute subtraction study, note in- 
creased activity on the left. (C) Forty-five minute 
subtraction study, note persistent increase in this 
region. 


The study can be completed within 24 
hours without the need for prior suppres- 
sion of thyroid activity, and can therefore 
be performed with short notice. There is no 
problem in regard to long term radioisotope 
interference should parathyroid hormone 
radioimmunoassay or other in vitro radio- 
isotopic tests be required. This factor 
deterred us from using !I for subtrac- 
tion studies. All patients had preliminary 
9mTc Or quantitative thyroid scans! in 
order to determine their suitability for sub- 
traction scanning. Thus, suppressed uptake 
due to recent roentgenographic investiga- 
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tions may be noted, or the presence of a 
multinodular or toxic goiter detected. The 
former would preclude a subtraction study, 
and knowledge of the latter conditions 
would be helpful in the subsequent per- 
formance of the scans. The setting up pro- 
cedure for the subtraction study is not easy 
and it would be reasonable to anticipate a 
higher success rate as more experience is 
gained with this technique. The main 
limitation of this method is that it is un- 
likely to be of value in those parathyroid 
tumors situated well within the mediasti- 
num. This did not apply to any patient in 
this series. 

It is not clear why some parathyroid 
adenomas show an affinity for Tc O7. 
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Fic. 4. Case 2. (4) Preliminary "Tc OF quanti- 
tative thyroid scan indicating multinodular toxic 
goiter with prominent central nodule. 9™Tc O7 
20mt intravenous uptake= 680 c.p.s./mCi. (B) 
Early (15 minute) subtraction study with cen- 
tral thyroid nodule prominent. (C) Late phase 
(75 minute) subtraction study with central nod- 
ule no longer apparent but adjacent peripheral 
increase in activity noted on the left. 


This may be attributable to Tc OF in- 
corporation within the tumor cells. It is 
more likely, however, that it reflects, at 
least in part, the vascularity of the gland. 
Department of Nuclear Medicine 
Repatriation General Hospital 
Heidelberg, Melbourne 
Victoria, Australia 
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RADIONUCLIDE STUDIES IN BRONCHOGENIC 
CARCINOMA OF THE HILUM* 


SCINTIGRAPHY AND TOMOGRAPHY: THEIR 
COMPLEMENTARY FEATURES 


By HARUMI ITO, M.D., YASUSHI ISHII, M.D., TSUTOMU SAKAMOTO, M.D., 
TERUYASU SUZUKI, M.D., TORU FUJITA, KEN HAMAMOTO, M.D., 
and KANJI TORIZUKA, M.D. 


KYOTO, JAPAN 
ABSTRACT: 


Thirty-eight cases with direct or indirect signs of hilar masses were investigated by 
roentgenologic, radioisotopic and surgical methods. Reasonable correlation between 
tomography and scintigraphy was confirmed, substantiating their complemen- 
tary nature. Bronchogenic carcinoma of the central airways was most frequent 
among the hilar masses. Masses as well as other involvement of the bronchovascular 
structures of the hilum on conventional tomography were confirmed by the gallium- 
67 scan, and inhalation and perfusion scintigraphy. Some cases which simulated 
bronchogenic carcinoma were presented. Hilar masses without destruction of the 
bronchovascular structures showed normal inhalation and perfusion scintigrams 
with positive gallium-67 accumulation. These lesions were metastatic cancer, malig- 
nant lymphoma, and sarcoidosis. If these diseases involve the airways and the ves- 
sels of the hilum, differentiation from bronchogenic carcinoma may naturally be 


NOVEMBER, 1975 


difficult. 


Rovina chest films in posteroanterior 
and lateral projections are useful for 
disclosing abnormalities in the thorax, but 
the mediastinal silhouette in the roentgeno- 
grams often obscures lesions at the hilum 
as well as the central pulmonary regions. 
Therefore, bronchogenic carcinoma which 
arises most often in the lobar and segmental 
bronchi is rather difficult to detect in its 
early stage. Much effort has been devoted 
to finding characteristic signs of bronchial 
carcinoma of the hilum.”:?4 Hilar enlarge- 
ment and secondary changes such as olige- 
mia and atelectasis of the peripheral lung 
fields are most important, and tomog- 
raphy is a most reliable means of confirming 
these signs among noninvasive roentgeno- 
logic methods.*:*° In addition to this, lung 
scintigraphy is also useful for studying the 
hilar region. Gallium-67 scintigraphy is ac- 
cepted as valuable for detecting hilar as 
well as mediastinal masses.” Perfusion 
scintigraphy for the assessment of regional 


pulmonary blood flow is also useful for 
screening for bronchogenic carcinoma of 
the hilum.’ Inhalation scintigraphy with 
radioaerosol has proved to be a convenient 
procedure for determining partial obstruc- 
tion of the central airways.** Since there is 
no specific picture of bronchogenic car- 
cinoma with any type of scintigraphy 
alone,5 133 the combined use of these three 
isotope methods enhances the detectability 
of bronchogenic carcinoma of the hilum as 
tomography simultaneously reveals the 
hilar masses, oligemia, and bronchial ste- 
nosis. In this report, usefulness of this 
combination of scintigraphy and tomog- 
raphy is presented. 


MATERIAL AND METHOD 


Thirty-eight patients who were suspected 
of having hilar masses on routine chest 
roentgenograms were selected for the pres- 
ent investigation. Hilar enlargement as 
well as secondary changes due to the hilar 


* From the Department of Radiology, Kyoto University School of Medicine, Kyoto, Japan. 


640 


Vor. 125, No. 3 Radionuclide Studies in Bronchogenic Carcinoma 641 
TABLE | . 
SUMMARY OF FINDINGS IN 38 CASES SUSPECTED OF HAVING HILAR MASSES 
Tomography Scintigraphy 
Diagnosis Cases Fis Oli- TO Bice 
Masses : ; Ga-67 ; : 
nosis gemia lation fusion 
Bronchogenic carcinoma* 18 4 + + of An n 
Cases simulating bronchogenic carcinoma 
Bronchial adenoma I — + + — $ ao 
Breast cancer* + 4 4. ds Abs 4. 
Bronchial tuberculosis 
chronic* I — -j + -+ 4$ a 
active I Ea + Eä 5 T + 
Unresolved pneumonia I -f + + d 4. ob 
Conglomerated silicosis I -+ + + |. = ahs 
Metastasis 3 + — _ ale = a 
Lymphoma,* sarcoidosis 8 + — -n ji á e3 
Miscellaneous 
Remote infectious 2 + — = i m a 
Embolism I — — = e = $ 


* Cases presented in Figures I to 5. 


— = Negative finding; += Definite positive finding; += Slight uptake of gallium-67. 


masses, such as atelectasis, infiltrative 
opacities, and oligemia were carefully ex- 
amined. These findings were confirmed by 
tomograms in anteroposterior and lateral 
projections. Inhalation scintigraphy was 
carried out according to the conventional 
method of Taplin eż al Ten mCi of 
technetium-ggm albumin or stannous col- 
loid suspended in 2 ml of normal saline 
were prepared as a radioaerosol by a highly 
efficient ultrasonic nebulizer.* This aerosol 
could be completely inhaled in about one 
minute under the maximum output of this 
nebulizer. The patient was advised to 
breathe as quietly as possible at normal 
tidal ventilation. A scintillation cameraf 
was more desirable than a scanner for the 
inhalation scintigraphy, because the so- 
called hot spot of the aerosol would disap- 
pear as a result of ciliary activity, if more 
time were spent for obtaining multiple 
views.” After inhalation scintigraphy, 200 
uCi of I-131 macroaggregated albumin 
(MAA) were administered intravenously for 
the perfusion scintigraphy. When Tc-ggm 


* Ultrasonic Nebulizer NB 108 LKB Medical AB of Sweden. 
t Pho gamma III, Nuclear Chicago, Illinois, U.S.A. 


MAA was available, this scintigraphy was 
performed one day after the inhalation 
scintigraphy. The gallium-67 scintigraphy 
was done three days after intravenous ad- 
ministration of 2 mCi of gallium-67 citrate. 
Radiospirometry with xenon-133 was per- 
formed in some cases. The findings ob- 
tained from these three or four studies were 
correlated with those of the tomography. 
When masses were disclosed in the central 
airways by any of these noninvasive meth- 
ods, both bronchography and bronchos- 
copy were performed for the final diag- 
nosis of bronchogenic carcinoma. If the 
central airways were considered to be in- 
tact in spite of the hilar masses, other 
surgical procedures such as mediastinos- 
copy were preferred. 


RESULTS 


The results of the examinations of 38 
cases are summarized in Table 1. These 
cases can be classified into four groups ac- 
cording to the findings of tomography and 
scintigraphy. The first group, consisting of 
18 cases of bronchogenic carcinoma proved 
histopathologically, showed definite abnor- 
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Fic. 1. Bronchogenic carcinoma in a 47 year old man. A posteroanterior plain film and a left lateral tomogram 
(A and B) show hilar masses, bronchial stenosis, and oligemia of the left lung. Four scintigrams (C) con- 
firm those findings. Bronchoscopic examination reveals severe stenosis of the lower lobe bronchus of the 


left lung (D). 


mal findings both on tomography and 
scintigraphy simultaneously with hilar 
masses and involvement of the airways and 
vessels. The second group contained six 
cases that simulated bronchogenic carci- 
noma. The third group consisted of eleven 
cases with either metastatic carcinoma to 
the hilum, malignant lymphoma, or sar- 
coidosis. This group was characterized by 
hilar masses without involvement of the 
airways and hilar vessels. Other cases were 
classified into the fourth group. 


REPORT OF CASES 


Typical examples of each group are pre- 
sented in the following five cases (Fig. 1 
to Fig. 5). 


(1) The first group: Bronchogenic car- 
cinoma (18 cases) 


Case 1. A 47 year old male was admitted to 
this hospital because of persistent cough with 
occasional bloody sputum. A posteroanterior 
chest roentgenogram showed slight left hilar 
enlargement (Fig. 14). A left lateral tomogram 
revealed hilar masses around the lower lobe 
bronchus (Fig. 18). Stenosis of the lower lobe 
bronchus and moderate oligemia of the lower 
lung field were also recognized. All four scinti- 
grams showed abnormal findings (Fig. 1C). 
Gallium-67 accumulated in the left hilum. The 
inhalation scintigram showed a clear hot spot of 
the aerosol at the left hilum with an inhalation 
defect in the left lower lung. A perfusion defect 
was also observed in the perfusion scintigram. 
The washout of xenon-133 from the same area 
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was markedly delayed. These scintigrams indi- 
cate hilar masses causing bronchial stenosis and 
oligemia, which suggest the probability of 
bronchogenic carcinoma. Bronchoscopic exam- 
ination disclosed severe stenosis of the left 
lower lobe bronchus (Fig. 1D). The histopatho- 
logical diagnosis was oat cell carcinoma. 


Case 11. A $7 year old male had noticed a 
hard mass in the left supraclavicular region 
about one month before admission. Undiffer- 
entiated cell carcinoma probably of pulmonary 
origin was proved by biopsy of this mass. A pos- 
teroanterior chest roentgenogram showed hilar 
enlargement on both sides with reticulo-nodu- 
lar shadows in the left lung (Fig. 24). An an- 
teroposterior tomogram disclosed right hilar 
masses which nearly obstructed the lower lobe 
bronchus, but the central airways of the left 
lung were normal in spite of masses around 
them (Fig. 2B). These roentgenograms were 
considered to indicate bronchogenic carcinoma 
on the right and metastatic extension to the 
left. Gallium-67 accumulated in the right 
hilum, and a diffuse uptake was seen in the left 
lung (Fig. 2C), which was consistent with the 
roentgenographic findings. Inhalation, per- 
fusion, and xenon-133 scintigraphy showed 
findings similar to those observed in Case 1 
(Fig. 2C). The inhalation scintigram showed a 
hot spot in the right hilum with an inhalation 
defect below. A perfusion defect and marked 
delay of the washout of xenon-133 were also 
observed in the lower lung field. Severe stenosis 
of the middle lobe bronchus and almost com- 
plete obstruction of the lower lobe bronchus 
were shown by bronchography (Fig. 2D). 
Bronchoscopic examination and biopsy revealed 
an undifferentiated cell carcinoma of the right 
lung, but the central airways of the left lung 
were normal. In summary, the hilar masses on 
the right caused bronchial stenosis and olige- 
mia, which were confirmed by both tomography 
and scintigraphy. In contrast, the hilar masses 
and reticulo-nodular shadows on the left were 
due to metastatic extension without definite 
involvement of the airways and vessels of the 
hilum. This should be compared with Case v of 
the third group. 


(2) The second group: Cases simulating 
bronchogenic carcinoma (six cases) 


Case m. A 54 year old female had suffered 
from a dry cough for five months before admis- 
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sion. She had undergene a left mastectomy five 
years before for cancer. A plain chest roent- 
genogram showed hilar enlargement and reticu- 
lar shadows in both lungs (Fig. 34). Complete 
obstruction of the middle lobe bronchus and 
partial obstruction of the lower lobe bronchus 
were observed in a right lateral tomogram (Fig. 
38). Partial obstruction of the lower lobe 
bronchus and moderate narrowing of the left 
pulmonary artery were shown by the left lat- 
eral tomogram (Fig. 3B). Gallium-67 scintig- 
raphy revealed accumulation in both hilar re- 
gions and in the left lung (Fig. 3C). The inhala- 
tion and perfusion scintigrams showed bilateral 
bronchial stenosis and perfusion decrease in the 
lower portion of each lung (Fig. 3C). Broncho- 
scopic examination proved complete obstruc- 
tion of the middle lobe bronchus (Fig. 3D) and 
adenocarcinoma was considered certain. But 
other airways, such as the lower lobe bronchus 
of each lung were stenotic without the appear- 
ance of malignancy. The findings obtained from 
tomography and scintigraphy were quite simi- 
lar to those of Case 11. But this case was classi- 
fied metastatic breast cancer with lymphangitic 
spread on the basis of the subsequent clinical 
course. 


Case Iv. A 24 year old female was referred to 
this hospital because of moderate stridor. Plain 
chest roentgenograms at total lung capacity 
(Fig. 44) and at residual volume (Fig. 4B) dis- 
closed air trapping in the left lung. Marked 
oligemia of the left lung was also noted. An an- 
teroposterior tomogram showed severe stenosis 
of the left main bronchus but no mass lesion was 
clearly shown (Fig. 4C). Slight uptake of gal- 
lium-67 was seen in the mediastinum as well as 
in the left lung (Fig. 4D). A clear hot spot of the 
aerosol was observed in the left main bronchus 
in the inhalation scintigram and severe perfu- 
sion decrease of the left lung was also recog- 
nized (Fig. 4D). Severe but benign tuberculous 
stenosis of the left main bronchus was confirmed 
by bronchoscopy. 


(3) The third group: Metastatic carci- 
noma, malignant lymphoma and sarcoido- 
sis (eleven cases) 


Case v. A 49 year old male was admitted to 
this hospital because of a neck tumor, which 
was proved reticulum cell sarcoma. During 
radiation therapy abnormal hilar shadows ap- 
peared (Fig. 54). An anteroposterior tomo- 
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Fic. 2. A $7 year old man with bronchogenic carcinoma which originated in the right hilum and spread to the 
left lung. A posteroanterior plain film (4) and an anteroposterior tomogram (B) show bilateral hilar masses 
which are also confirmed by the gallium-67 scintigraphy (C), but the airways and vessels of the left lung 
are normal by inhalation, perfusion, and xenon-133 scintigraphy (C). (D) is the bronchogram of the right 
lung which shows severe stenosis of the middle and lower lobe bronchi. 


gram revealed hilar masses on the left, but the also seen in sarcoidosis without definite pul- 
main, lobar, and segmental bronchi were all monary involvement. 

normal (Fig. 5B). Inhalation and perfusion 
scintigrams were normal, although higher ac- (4) Other cases that did not fall into these 
cumulation of gallium-67 was observed in the three groups. (three cases) 

left hilum (Fig. 5C). Similar observations were Three cases that were suspected of hav- 
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Fic. 3. A 54 year old female with metastatic breast cancer simulating bronchogenic carcinoma. A postero- 
anterior plain film (4), lateral tomograms of right and left sides (B), and three scintigrams (C) show 
bilateral hilar masses which cause bronchial stenosis or obstruction and oligemia. (D) shows the ob- 


structed right middle lobe bronchus. 


ing hilar masses were patients with lym- 
phadenopathy of the hilum and pulmonary 
embolism. The precise findings of each case 
are summarized in Table 1. 


DISCUSSION 


In considering mediastinal masses, the 
site in the mediastinum is the first impor- 
tant diagnostic clue.!+18 Among these 
masses, those of the mid-mediastinum pre- 
sent an additional problem: that is, whether 
or not they involve the hilar structures such 
as the bronchi and vessels. Diagnostic pro- 
cedures listed in Table 11 have been used to 
differentiate bronchial carcinoma from 
other mid-mediastinal masses.!* But the 


usefulness of scintigraphy as a diagnostic 
method in bronchial carcinoma has not yet 
been evaluated clearly. Therefore, an at- 
tempt to correlate scintigraphy with other 
established methods such as tomography 
should be undertaken, to establish the 
complementary features of these two pro- 
cedures. 

Bronchogenic carcinoma is characterized 
by hilar masses and changes secondary to 
them such as atelectasis or oligemia shown 
on routine chest roentgenograms.”*:4 These 
signs can be well confirmed by tomog- 
raphy.!8:?3.49 Tomography is, as is shown in 
this report, an excellent noninvasive 
method which reveals clearly the hilar 
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masses, complete or partial obstruction of 
the airways, and oligemia, simultaneously. 

Lung scintigraphy is also valuable for 
examining the hilar region. Gallium-67 
scintigraphy is a useful tumor seeking 
method? and its sensitivity in bronchogenic 
carcinoma of the hilar region is a well 
known fact.*:!6!7 Accumulation of gal- 
lium-67 in inflammatory lesions may limit 
its specificity for malignancy.!® However, 
its merit in detecting hilar masses which are 
often overlooked on the roentgenograms 
makes it useful. Perfusion scintigraphy 
with radioactive particles such as I-13! 
MAA or Tc-g9m MAA has been accepted 
as a valuable method for estimating re- 
gional pulmonary blood flow since the re- 
ports of Taplin eż al.’ and Wagner and as- 
sociates.*® Although comprehensive studies 
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Fic. 4. A 24 year old female with chronic tuber- 
culous bronchitis simulating bronchogenic 
carcinoma. Posteroanterior plain roentgeno- 
grams at total lung capacity and residual 
volume (4 and B) indicate air trapping in 
the left lung. An anteroposterior tomogram 
(C) shows marked stenosis of the left main 
bronchus but the hilar masses are not clear. 
Gallium-67 scintigraphy demonstrates slight 
uptake in the left lung with marked changes 
of inhalation and perfusion (D). 


of perfusion abnormalities in various chest 
diseases have been reported,™!™?? no feature 
specific for bronchial carcinoma has been 
identified. For example, benign disease such 
as pulmonary emphysema shows a per- 
fusion defect similar to that which occurs 
in bronchogenic carcinoma.®” But there is 
one specific feature of perfusion scintigra- 
phy in bronchogenic carcinoma of the 
hilum: that is, the area of the perfusion de- 
fect is often greater than expected from the 
roentgenograms,®:!*:27.39 In addition, lobar 
and segmental oligemia is not always easy 
to detect on the plain films, and therefore 
perfusion scintigraphy is useful for screen- 
ing bronchial carcinoma of the hilum.® 
Since inhalation scintigraphy with radio- 
aerosol was introduced by Taplin and Poe,” 
and Pircher and associates,” it has be- 
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Fic. 5. Reticulum cell sarcoma of the left hilum in a 49 year old man. A posteroanterior chest film (4) and an 
anteroposterior tomogram (B) show hilar masses on the left but the airways and vessels of the left lung 


are normal, as is confirmed by the scintigrams (C). 


come possible to investigate the airways 
and pulmonary arteries simultaneously by 
combining it with perfusion  scintigra- 
phy.!°%33.35 Aerosol deposition in the hu- 
man airways has been investigated in 


various clinical fields other than nuclear 
medicine, such as aerosol therapy in chest 
disease’*® and study of the pathogenesis of 
bronchial carcinoma.?® Theoretical and ex- 
perimental considerations in aerosol depo- 
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TABLE I] 


DIAGNOSTIC PROCEDURES IN HILAR MASSES 


Roentgenographic Studies 
Routine x-ray 
Tomography 
Bronchography 
Angiography 

Surgical Procedures 
Bronchoscopy 
Scalene lymph node biopsy 
Mediastinoscopy 
Biopsy of superficial lymph nodes 
Thoracotomy 

Others 
Skin test for specific granuloma 
Sputum studies 


sition in human airways have been eluci- 
dated,?*°° and conventional inhalation 
scintigraphy should be reviewed from this 
view point. The aerosol used for inhalation 
scintigraphy is wet, although dry aerosols 
have become available experimentally.® It 
should be noted that the physical properties 
of these wet and dry aerosols may be dif- 
ferent in the respiratory tract,?° but some 
common features exist. Major mechanisms 
of the aerosol deposition in the human air- 
ways are a combination of impaction, sedi- 
mentation and diffusion.®® Since our ultra- 
sonic nebulizer is found to generate aerosol 
particles of about 2 microns in median di- 
ameter, impaction and sedimentation may 
be dominant in the central and peripheral 
airways, respectively."°° Impaction be- 
comes more important when partial ob- 
struction, carinal widening, and abrupt 
change of flow direction exist,? causing 
excessive deposition of the aerosol at that 
point. This excessive deposition may be 
visualized as a hot spot in the inhalation 
scintigram. Bronchial stenosis’ may pro- 
duce a similar picture. This hot spot, how- 
ever, is also observed in chronic obstructive 
pulmonary disease which also causes bron- 
chial stenosis,!® and it is impossible to dif- 
ferentiate bronchial carcinoma from chronic 
obstructive pulmonary disease by inhala- 
tion scintigraphy alone. 

In summary, combined use of gallium-67 
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scintigraphy and inhalation and perfusion 
scintigraphy, is valuable for disclosing the 
nature of hilar masses, because each of 
these methods alone has proved nonspecific 
for bronchogenic carcinoma. 

The correlation of these scintigraphic 
methods with tomography is good in 
bronchogenic carcinoma as is shown in 
Table 1. Therefore it is reasonable to con- 
sider that the procedures, tomography and 
scintigraphy, are complementary in the 
diagnosis of bronchial carcinoma. The high 
accumulation of gallium-67 in our series of 
bronchogenic carcinoma may be due to the 
advanced nature of the disease.!® When 
metastatic carcinoma compresses or erodes 
the central airways, the findings of both 
tomography and scintigraphy are quite 
similar to those of bronchogenic carcinoma 
(Case 111). The same result may be ob- 
served in lesions other than bronchial carci- 
noma as reported by others.!*:*>:37 On the 
other hand, some metastatic cancer with or 
without lymphangitic spread,’ malignant 
lymphoma,®?? and sarcoidosis’ do not 
greatly destroy the bronchovascular sys- 
tems, if not advanced. Thus, inhalation 
and perfusion scintigraphic studies were 
almost normal as in the left lung of Cases 11, 
and v, though higher uptake of gallium-67 
was observed in both cases. These findings 
were considered to be specific for this 
group (group 3), which differed greatly 
from bronchogenic carcinoma. 

It is reasonable to consider that the 
probable diagnosis of bronchogenic carci- 
noma can be made according to the present 
context, but bronchoscopic examination is 
still necessary for the final diagnosis. In- 
halation and gallium-67 scintigraphy play 
an important role in determining the indi- 
cation for this examination. When the cen- 
tral airways are considered normal by to- 
mography and scintigraphy, bronchoscopic 
examination is not always necessary. Other 
surgical procedures such as mediastinos- 
copy should be performed to determine the 
nature of the hilar masses. Before final dis- 
position, further studies should be required 
especially for early bronchial carcinoma 
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involving the hilum, because all three 
scintigraphic methods may not always 
show abnormal findings in such a case. 
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ROENTGENOLOGY OF SPOROTRICHOSIS* 


By CHRISTINE COMSTOCK, M.D.,t and ALAN H. WOLSON, M.D.t 


ANN ARBOR, MICHIGAN 
ABSTRACT: 


Localized cutaneous as well as unifocal and multifocal systemic sporotrichosis 
may all produce roentgenographic findings. Localized cutaneous nodules may oc- 
casionally extend to the bone below producing a locally erosive lesion similar to 
those more commonly found in blastomycosis. More frequently, sporotrichosis in- 
volves the joints, either alone or with accompanying skin nodules. The joint changes 
are those of a pyogenic arthritis of the knees, elbows, hands, or feet which is difficult 
to distinguish from pyarthrosis produced by other organisms. 

The pulmonary findings depend upon whether or not the lung is the only site of 
infection. If there are no other areas of involvement, the pulmonary findings may 
be indistinguishable from those of secondary tuberculosis. However, if the skin or 
joints are also involved, small nodules appear and apparently do not proceed to 


cavitation. 


POROTRICHOSIS, an infection by the 

fungus Sporotrichum schenckii, may 
present in a variety of forms (Table 1). The 
most common form of this rare infection is 
localized cutaneous involvement in which 
ulcerating nodules appear at the site of in- 
noculation. This localized disease does not 
spread to cause systemic disease but may 
involve underlying bone. Much rarer is 
systemic sporotrichosis which is thought to 
result from inhalation of spores. This sys- 
temic disease may be unifocal or multifocal 
and involve one or more organs such as 
lung, bone, skin, or meninges. This paper 
describes the roentgenographic manifesta- 
tions in the lungs of both unifocal and 
multifocal systemic disease as well as the 
roentgenographic changes which occur in 
bone due to direct extension of localized 
cutaneous disease. In addition, we have 
included two new cases of bone and joint 
involvement in systemic disease. 


MATERIAL AND METHOD 


All cases of systemic and cutaneous 
sporotrichosis seen at the University of 
Michigan Hospital since 1960 were re- 
viewed. Patients were selected for this 


study if they had either systemic disease or 
localized cutaneous disease with symptoms 
referable to bone. Cases of cutaneous dis- 
ease only, both localized and systemic, 
were discarded. The available roentgeno- 
grams were then reviewed with special at- 
tention to bone and chest roentgenograms. 
For inclusion, lesions must have been 
proved to be sporotrichosis infection by 
either culture or smear of that particular 
lesion. Positive skin cultures were not as- 
sumed to prove that an accompanying 
arthritis or lung nodule was due to Sporo- 
trichum infection. 


REPORT OF CASES 


Case 1. U.F., a 64 year old white male, de- 
veloped red, tender nodules distributed over his 
entire body, followed one month later by a 
migratory arthritis. Six months later the patient 


TABLE iI 


SPOROTRICHOSIS 


I. Localized cutaneous 
II. Systemic 
A. Unifocal (lung, bone, widespread cutaneous) 


B. Multifocal 


* From the Department of Radiology, University Hospital, Ann Arbor, Michigan. 


t Instructor, Department of Radiology. 
t Assistant Professor of Radiology. 


651 


652 Christine Comstock and Alan H. Wolson 





Fic. 1. Case 1. Chest roentgenogram demonstrates 
small ill-defined nodules at both apices. 


was admitted with arthritis, cutaneous nodules, 
weight loss, and a cough. The small joints of 
the hands, wrists, elbows, knees, and feet were 
red, tender and swollen. Rales were heard over 
the lungs. Skin tests for blastomycosis, histo- 
plasmosis, coccidiomycosis, and tuberculosis 
were negative. The chest roentgenogram showed 
multiple small non-calcified nodular densities 
concentrated at both apices (Fig. 1; and 2). 
There was no cavitation or calcification. Joint 
roentgenograms of the hands and feet demon- 
strated demineralization, but were otherwise 
within normal limits. Cultures of the skin le- 
sions grew Sporotrichum schenckit. 

The patient died of a pulmonary embolus 
before therapy could be instituted. Cultures of 





Fic. 2. Case 1. Close-up of the right apex again 
shows multiple small, ill-defined apical nodules. 
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the apical nodules, of pleural fluid, and of both 
wrists grew Sporotrichum schenckit. 


Case 11. M.J., a 51 year old Black alcoholic, 
presented with a productive cough, dyspnea, 
and intermittent fever in 1973. The chest 
roentgenogram (Fig. 3) demonstrated bilateral 
infiltrates and cavitation suggestive of tubercu- 
losis, but repeated sputum culture and stains 
were negative for acid fast bacilli. However, 
fungal cultures grew out Sporotrichum schenckit. 
The patient was treated with amphotericin but 
he signed out of the hospital against medical ad- 
vice before the entire course could be admin- 
istered. Six months later he appeared again 
with anorexia, weight loss, shortness of breath 
and hemoptysis. The chest roentgenogram 
showed enlarging cavities (Fig. 4). Cultures 
were positive for Sporotrichum schenckii despite 
2,300 mgs amphotericin and s-Fluorocytosene. 
He is currently under treatment with a newly 
developed fungicide. 


Case 11. A 40 year old white male presented 
with a nodule on the dorsum of the right hand. 
He had no joint, or pulmonary symptoms. 
Roentgenograms of the right fifth metacarpal 
demonstrated a round destructive lesion with 
slight periosteal elevation (Fig. 5). Cultures 
grew out Sporotrichum schenckiit. After curet- 
tage, the lesion healed with sclerosis and in- 
growth of bone. The patient has had no re- 


currence. 





Fic. 3. Case 11. Cavitating upper and middle lobe 
infiltrates simulate tuberculosis. 
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Case Iv. A.A., a 45 year old white male, 
noted swelling and pain in the left knee. A local 
physician “‘drained the knee” but three months 
later symptoms returned. He entered a local 
hospital where synovectomy revealed “‘granu- 
lomatous changes” and culture demonstrated 
Sporotrichum schenckii. He was treated with a 
total of 2 gm intravenous amphotericin B but 
several months later symptoms returned. On 
admission to the Ann Arbor Veterans Hospital 
roentgenograms of the left knee showed dif- 
fuse demineralization, moderate joint space nar- 
rowing, erosions of the medial and lateral tibial 
plateaus and of the lateral femoral condyle, and 
a permeative lesion of the proximal tibia with 
periosteal elevation (Fig. 6). Needle aspiration 
of the left knee produced no fluid but cultures 
of the needle tip grew Sporotrichum schenckii. 
The patient subsequently underwent a left knee 
synovectomy and arthrodesis. 


Case v. J.C., a 53 year old white male with 
Stage 1vB Hodgkin’s disease and chronic alco- 
holism noted swelling of the metacarpophalan- 
geal and proximal interphalangeal joints of 
both hands one year prior to admission. He ob- 
tained no relief from either aspirin or predni- 
sone, but much later the symptoms subsided 
somewhat. One year after initial onset of symp- 
toms the patient noted swelling of both wrists 
with aching and limited motion. There was loss 


=" a 








Fic. 4. Case 11. Cavities have enlarged and the infil- 
trates have not subsided despite amphotericin 
therapy. 
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Fic. 5. Case 111. Erosion of the fifth metacarpal and 
periosteal elevation are associated with a subcu- 
taneous nodule. 


of extension at the metacarpophalangeal joints 
of the fourth and fifth digits of the left hand. 
Hand and wrist roentgenograms on admission 
showed considerable demineralization, soft tis- 
sue swelling over the dorsum of both hands, and 
a small erosion on the radial side of the proximal 
left fifth metacarpophalangeal joint (Fig. 7). 
Subsequently a synovectomy and extension 
tendon repair were performed. Sporotrichum 
schenckii grew from the synovectomy specimen 
and from a later needle aspiration of the right 
wrist. 


DISCUSSION 


Sporotrichum schenckii is a fungus with 
no apparent limitation in geographic dis- 
tribution. It may be implanted in the skin 
of human beings by trauma such as a rose 
thorn prick. The resulting localized cu- 
taneous lesion may develop satelite nodules 


654 





“~ 


Fic. 6. Case iv. Joint space narrowing and subchon- 
dral eburnation are associated with faint periosteal 
elevation along the medial tibial metaphysis and 
with metaphyseal mottling. 


in the lymphatic distribution of the af- 
fected limb, but there is no spread beyond 
this area. The method of infection in the 
systemic variety is unknown, although hy- 
pothesized by many to be due to inhalation 
of spores. Systemic infection may involve 
only one organ, such as the lungs, bone, or 
skin; or any of these in combination. Skin 
involvement in systemic disease involves 
several widespread areas of the body, 
rather than just one extremity, as in the 
localized cutaneous form.’ 


PULMONARY DISEASE 


Approximately 30 cases of systemic 
sporotrichosis involving only the lung have 
been reported.!:?:4-® These case reports have 
all appeared in the internal medicine litera- 
ture and have described unilateral or bi- 
lateral apical infiltrates progressing to 
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cavitation, usually without air-fluid levels. 
Case 11, presented above, is typical of this 
type of disease. Shortness of breath, hemop- 
tysis, cough, and bilateral apical infiltrates 
with cavitation suggested tuberculosis. 
However, when multiple cultures for tu- 
berculosis are negative (as in this case) or 
when anti-tuberculous therapy fails, sporo- 
trichosis should be considered. No other 
area of infection, such as skin, bones, or 
meninges has been reported when this 





Fic. 7. Case v. A small erosion at the base of the 
fifth metacarpal is associated with diffuse osteo- 
porosis of the hand. 
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pulmonary pattern has been observed. In 
all cases either sputum or biopsy cultures 
have been positive. 

When multiple organs are infected in 
systemic sporotrichosis, the pulmonary 
pattern is quite different than when the 
lungs alone are involved. In a review of the 
clinical aspects of sporotrichosis, Wilson 
et al” mentions one case, reported in a 
Chinese medical journal, of a woman with 
generalized subcutaneous nodules with a 
I cm solitary smooth-margined, apical lung 
nodule which did not cavitate and was not 
accompanied by infiltrates. Sporotrichum 
schenckit grew out of the sputum. Our 
Case 1 is the only other reported proved 
case of pulmonary involvement in multi- 
focal systemic sporotrichosis. The lung 
changes are similar to other fungal diseases 
demonstrating multiple small nodules. How- 
ever, they were concentrated at the apices 
and did not cavitate. Sputum cultures were 
repeatedly negative. 


BONE FINDINGS 


Occasionally, a skin lesion in the local- 
ized cutaneous form of sporotrichosis may 
involve the underlying bone, as in our 
Case 111, but this pattern is much more 
typical of blastomycosis. The erosive lesion 
is eccentric, is related in position to a skin 
nodule, and raises the periosteum. After 
curettage and amphotericin B therapy it 
healed with sclerosis and filling in of bone. 

Our Cases tv, v and vı illustrate the 
much more common bone findings of puru- 
lent arthritis previously described by 
Winter and Pearson.’ Soft tissue swelling, 
early osteoporosis, erosions, and cartilage 
narrowing are the most frequently de- 
scribed changes. Although Winter and 
Pearson claim that lack of osteoporosis 
may distinguish sporotrichal joint infection 
from tuberculous infection, our experience 
indicates that in early sporotrichal joint 


Roentgenology of Sporotrichosis 


; 655 
involvement osteoporosis is present, al- 
though it may disappear with treatment. 
As in tuberculosis, sporotrichosis appears 
to involve the joint primarily, although oc- 
casionally spread occurs to adjacent bone 
producing a typical osteomyelitic appear- 
ance. This pattern of spread distinguishes 
sporotrichosis from blastomycosis which 
spreads from skin to underlying joint or 
from skin to underlying metaphysis to 
adjacent joint. 

The knees, elbows, hands, wrists, and 
feet are the most frequent sites of sporo- 
trichal infection. Unlike the other fungal 
diseases and tuberculosis, the vertebrae 
have not been reported as sites of infection 
nor have the mandible and ribs, as in 
actinomycosis. 


Christine Comstock, M.D. 
Department of Radiology 
University Hospital 

Ann Arbor, Michigan 48104 
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XEROGRAPHIC MANIFESTATIONS OF 
MALE BREAST DISEASE* 


By LESTER KALISHER, M.D., and ROBERT G. PEYSTER, M.D. 
BOSTON, MASSACHUSETTS 


ABSTRACT: 


Male breast disease, although overshadowed by its female counterpart, is still a 
problem which often comes to the attention of the radiologist. The major impor- 
tance of mammography is differentiating unilateral gynecomastia from cancer. We 
now recognize four xeroradiographic patterns of gynecomastia: (1) increased ducts 
only; (2) ductal hyperplasia mimicking adenosis; (3) small ducts with stromal pro- 
liferation; and (4) fatty replacement only. These reflect the duration of the process. 

Gynecomastic masses are central, smooth, and most important, extend from the 
nipple outward, usually bisecting the midplane. Ducts may be visible. Carcinoma 
is usually central, dense, with irregular spiculated margins and, unlike gynecomastia 
is rarely in the midplane of the nipple, although it can be retroareolar in location. 
There may be concomitant skin changes or lymphadenopathy seen on the xerogram 
and these never occur 1n gynecomastia. 

There are numerous etiologies for gynecomastia, and these have been discussed 
in detail. It is thought that the radiologist should be aware of the pathophysiology 


of male breast disease and understand its significance. 


Cee the discovery of new and more 
accurate mammographic techniques, re- 
newed interest in the field of breast roent- 
genology has been awakened. One of the 
more recent techniques is xeroradiography, 
a photoconductive imaging process whose 
applications to female breast disease have 
been aptly described and advanced by 
Wolfe and others. However, little has 
been written about the xerographic pat- 
terns of male breast disease and, more im- 
portant, about the complex and interesting 
evaluation of a man with breast com- 
plaints. We shall describe the xerographic 
patterns associated with benign and malig- 
nant male breast disease as well as the 
etiology and pathology of these various 
entities. 


MATERIAL AND METHOD 


From November, 1972, to January, 1975, 
xeromammography was performed on 4,817 
patients at the Massachusetts General 
Hospital, 32 of whom were male, of this 
group, two had carcinoma, one had an 


epithelial inclusion cyst, one was judged 
normal, four had fat replacement, and the 
remaining 24 had gynecomastia, nine bi- 
laterally. 


DISCUSSION 


The normal male breast is a rudimentary 
organ consisting of a nipple, a small 
branching duct system lined with cuboidal 
epithelium, and a fatty stroma. Like the 
female breast, both the stroma and epithe- 
lium are responsive to hormonal stimula- 
tion. Roentgenographically, the normal 
male breast is characterized by a minimal 
amount of fat in the subareolar area. Oc- 
casionally a few short ducts may be recog- 
nized. 

The most common male breast com- 
plaint is gynecomastia, a subareolar swell- 
ing, sometimes painful, which can be uni- 
lateral or bilateral. Pathologically, it rep- 
resents hyperplasia of normal breast ele- 
ments. Histologically, the duct proliferates, 
but no acini are produced. There is also 
considerable increase in the surrounding 


* From the Departments of Radiology, Massachusetts General Hospital and Harvard Medical School, Boston, Massachusetts. 
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stroma, as well as fatty replacement. Nip- 
ple discharge rarely occurs. 

Roentgenographically, gynecomastia pre- 
sents as a symmetrical cone in the mid- 
plane of the nipple. This is because it rep- 
resents hyperplasia of ducts and connective 
tissue stroma which normally fan out from 
the subareolar area. 

Although Bannayan and Hajdu! state 
that pathologically the proliferative changes 
may be eccentric, in our experience all gyne- 
comastia was roentgenographically sub- 
areolar in origin, extending in a fan-like 
configuration, and evenly distributed above 
and below the midplane of the nipple. We 
have noted four basic patterns: (1) an in- 
crease in ducts only (Fig. 4); (2) ductal 
hyperplasia mimicking adenosis (Fig. 1; 5; 
and 6); (3) small ducts with stromal pro- 
liferation (Fig. 3); and (4) fatty replace- 
ment only (not true gynecomastia—F'g. 6). 

The evolution of the histopathology is 
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Fic. 1. Moderate ductal hyperplasia on the left, with 
minimal changes on the right. This type of 
asymmetry is not unusual. 
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Fic. 2. Bilateral gynecomastia in an 18 year old male. 
The right side is more severely involved. Note the 
ill-defined subareolar density fanning out from the 
nipple midplane. Slight deep eccentricity is ap- 
preciated on the right. 


secondary to the duration of the gyne- 
comastia. Initially, fibroepithelium, stroma, 
and ducts proliferate. Eventually, there 
are hyalinization of the stroma and regres- 
sion of the ducts.” Most commonly gyne- 
comastia is idiopathic and found at the 
time of puberty! or senescence. Figure 2 
shows a typical pubescent gynecomastia in 
an 18 year old boy who developed a tender 
mass under his left nipple. Nydick et al.” 
state that this is a self-limiting process 
usually lasting six months. They found this 
entity in 38.7 percent of a series of 1,855 
boys, and in 75 percent it was bilateral. 
Likewise, the senescent form will regress 
spontaneously and will present as a tender, 
subareolar mass, usually bilateral, but 
commonly asymmetrical. Both forms roent- 
genographically display prominent ducts 
with fat and thickened stroma. 

The second major group is iatrogenic 
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Fic. 3. Numerous small discrete fine ducts 
intermeshed with stromal proliferation. 


gynecomastia secondary to medications. 
Numerous drugs have been implicated in 
producing gynecomastia including digi- 
talis,“ INH,” thiazides,!? steroids, and 





Fic. 4. Individual ducts are readily seen in this case 
of unilateral gynecomastia. No mass effect is seen. 
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spironolactone.*:!° Figure 3 demonstrates a 
42 year old laborer who developed uni- 
lateral gynecomastia with ductal prolifera- 
tion after nine months on a thiazide di- 
uretic prescribed for hypertension. After 
removal of the drug his gynecomastia re- 
gressed. Recently, marihuana has also been 
implicated as a cause of gynecomastia,'* as 
has chronic renal dialysis.?!” 

Exogenous hormone therapy is a well 
known cause of gynecomastia. Figure 4 
shows a 74 year old man with metastatic 
carcinoma of the prostate treated with 
stilbestrol. Endogenous hyperestrinism due 
to failure of hepatic detoxification of natu- 
rally produced male estrogens is felt to be 
the etiology of gynecomastia in liver dis- 
ease. This includes cirrhosis as well as other 
chronic hepatic insult.!!8 Clinically, the 
testes are usually shrunken symmetrically. 
Interestingly, Summerskill and Adson?’ 
described gynecomastia as a manifestation 
of hepatoma. Gynecomastia, secondary to 
estrogen effects, manifests considerable 
stromal increase with duct proliferation 
(Fig. 5). Schwartz and Wilens” claim that 
well-developed acini are found in approxi- 
mately 30 percent of patients treated with 





Fic. 5. Severe ductal hyperplasia on the left with 
normal opposite side. 
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stilbestrol for prostatic carcinoma. Xero- 
graphically the patient shows some ductal 
hyperplasia which may mimic adenosis 
(Fig. 1). 

There are numerous organic causes of 
gynecomastia. Treves?’ describes a Io per- 
cent incidence of gynecomastia in testicular 
neoplasms, the most common type being 
embryonal carcinoma. Other testicular neo- 
plasms include teratomas, benign or malig- 
nant,’ and an occasional mixed semi- 
noma. Choriocarcinoma not only can 
produce gynecomastia, but may also pro- 
duce a milk-like substance which exudes 
from the nipple.*! Carcinoma of the ad- 
renal gland,?* pituitary adenoma,!® and 
hyperthyroidism? have all been impli- 
cated as occasionally producing gyne- 
comastia. 

Other possible testicular causes include 
atrophy due to infection, trauma, or even 
hydrocele. Klinefelter’s syndrome, eu- 
nuchism, certain other hypogonadal syn- 
dromes, and several developmental anom- 
alies in the lower genitourinary system may 
manifest gynecomastia. For this reason the 
testes should be evaluated clinically. If 





No ductal or stromal elements are present. (The 
linear white streaks are artifacts.) 
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Fic. 7. This carcinoma is a discrete irregular retro- 
areolar mass with concomitant nipple thickening. 
An enlarged lymph node can be observed in the 
axilla. 


they are atrophied, liver disease should be 
suspected; if they are unilaterally enlarged, 
either tumor or hydrocele should be sug- 
gested. 

Hardy! has described gynecomastia in 
association with chronic thoracic disease in- 
cluding lung cancer, tuberculosis, and 
empyema. Sbar* described 80 patients with 
gynecomastia associated with lung disease, 
mainly carcinoma. Interestingly, 34 were 
unilateral and 32 of these were on the same 
side as the pulmonary lesion. The patho- 
physiology of this is poorly understood. 
Watson’? claims that gynecomastia may be 
associated with leprosy. 
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Fic. 8. A sharply marginated, smooth border mass 
with a halo surrounding it is definitely benign. It 
is an epithelial inclusion cyst. 


The major differential diagnosis of gyne- 
comastia is carcinoma of the male breast, 
representing 1.0 percent of all breast carci- 
nomas and 0.7 percent of all cancers in 
men.* It is usually found in older patients 
and is unheard of under the age of 3o. 
Donegan and Perez-Mesa® state that the 
mean age of these patients is 71.2 years. 

Unlike gynecomastia, carcinoma usually 
presents clinically as a central, retroareolar, 
hard, painless mass. Occasionally skin or 
nipple ulceration, nipple bleeding or dis- 
coloration, and enlarged axillary lymph 
nodes may be noted.® 

Roentgenographically, it is a dense ret- 
roareolar mass with irregular margins, 
mimicking in appearance scirrhous carci- 
noma of the female. It has not been asso- 
ciated with microcalcifications. Early skin 
changes are common, and many will dis- 
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play enlarged axillary lymph nodes (Fig. 7). 
Our two cases were subareolar but above 
the midplane of the nipple. It has been 
stated by some investigators® that carci- 
noma is usually central, but unlike gyne- 
comastia it is rarely in the midplane of the 
nipple. Although it was previously felt that 
the over-all prognosis for male breast carci- 
noma was poorer than that for females, the 
sex difference is not statistically significant 
if correction is made for age and clinical 
Stage.® Five year survival without lymph 
node involvement is 75 percent and with 
lymph node involvement 30 percent, with 
an over-all five year survival of 54 percent. 
The first five years are considered critical.*4 

Occasionally a subareolar cystic mass is 
discovered in the male breast. This displays 
the same benign roentgenographic charac- 
teristics as a female breast cyst. Figure 8 
demonstrates an example of a sharply de- 
fined, benign-appearing mass which was 
found on biopsy to be an epithelial inclu- 
sion cyst. Sebaceous cysts may also have a 
similar appearance. 


Lester Kalisher, M.D. 
Department of Radiology 
Massachusetts General Hospital 
Boston, Massachusetts 02114 
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THE USE OF XERORADIOGRAPHY IN THE INVESTIGA- 
TION OF DISEASES OCCURRING IN THE 
CENTRAL NERVOUS SYSTEM* 


By K. JACK MOMOSE, M.D., and LESTER KALISHER, M.D. 


BOSTON, MASSACHUSETTS 


ABSTRACT: 


A total of 88 cases of normal and pathological conditions of the skull, brain and 
spinal cord was studied by skull series, pneumoencephalography, and air myelogra- 
phy. The roentgenographic images of these structures were recorded by conven- 
tional roentgenograms, xeroradiograms, and tomograms and compared with each 
other. In general the high resolution and wide recording latitude of xeroradiography 
produced a more pleasing, sharper image than that obtained by conventional 
roentgenography. However, the individual tomographic image was superior to 


xeroradiography. 


T neuroradiological application of 
xeroradiography is presented as a new 
modality in the analysis of disease of the 
brain and spinal cord. It is a method where- 
by roentgenographic images are recorded 
on a photoconductive surface and has en- 
joyed its greatest acceptance in mammog- 
raphy.* Although the Xerox process was 
developed by Carlson? in 1937 and applied 
in the study of various portions of the hu- 
man anatomy by numerous investiga- 
tors, 24 67,11,12 very little has been written 
on its application in the study of the central 
nervous system.’ 

The xeroradiographic system offers a 
number of distinct advantages in compari- 
son to film roentgenography. These include 
a very wide exposure latitude, increased 
image resolution, reversibility of image 
polarity, no requirement for a dark room, 
and the convenience of using an opaque 
paper for recording of the image, thus re- 
quiring no back-lighting for viewing.*4 

This report is a comparison of 88 cases of 
skull series, pneumoencephalography, and 
air myelography studied by xeroradiogra- 
phy and conventional film roentgenogra- 
phy. Some of the advantages and disad- 
vantages of xeroradiography are presented 
and discussed. 


TABLE | 


Type of Study by Xeroradiography No. of Cases 


Pneumoencephalography 

Air myelography 

Skull series 

Paranasal sinuses and facial bones 
Orbital region 

Naso-oro-pharynx 


TABLE II 


Type of Condition 


Normal brain 
Cerebellopontine angle lesion 
Pituitary adenoma 
Cerebral atrophy 

Brain stem atrophy 
Hydrocephalus 

Cerebellar atrophy 
Postsurgical change 
Porencephaly 
Arnold-Chiari malformation 
Normal spinal cord 
Tethered cord 
Syringomyelia 

Atrophy of the spinal cord 
Spinal cord tumor 
Craniopharyngioma 
Hydrencephaly 
Meningioma 
Retinoblastoma 


35 
10 


IO 
13 
15 

5 


No. of Cases 
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* From the Departments of Radiology, Massachusetts General Hospital and Harvard Medical School, Boston, Massachusetts. 


662 


Tassie III 


AVERAGE EXPOSURES USED 


ee 


MAS KV Distance Phase 





A. Pneumoencephalography—Anteroposterior (AP) and lateral (lat.) views of the skull 
Xeroradiography (negative mode) 


Adult 120 120 100 cm 3 

Child 50 80 100 cm 3 
Conventional Roentgenography (grid, screen, high speed film) 

Adult (AP) 64 85 100 cm 3 

(lat.) 64 80 100 cm 3 

Child (AP) 32 85 100 cm 3 

(lat.) 32 80 100 cm 3 


B. Air Myelography (cervical spine) 
Xeroradiography (negative mode) 


Adult 100 120 100 cm 3 

Child 80 100 cm 3 
Conventional Coan e (grid, fast screen, high speed film) 

Adult 64 75 100 cm 3 

Child 32 60 100 cm 3 


C. Air Myelography S chads 
Xeroradiography (negative mode) 


Adult 100 110 100 cm 3 
Child 40 65 100 cm 3 
Conventional Pichu (grid, fast screen, at speed film) 
Adult 64 78 100 cm a 
Child 32 60 100 cm 3 
TaBLe IV 


COMPARISON OF IMAGES 


Regional Anatomy and Conventional Conventional 


Tissue Type Roentgenogram Tamura Xeroradiogram Xerotomogram 
Skin o o na a 
Subcutaneous tissue o o deat A 
Bone—skull + +++ ++ +++ 
facial + +++ ++ +++ 

Paranasal sinuses + Jaa beds eh Pees 
Mastoid area + of ah che aie oo 
Posterior nasopharynx + “Lf -d aod edits 
Falx cerebri qd Jei 
Meninges o o wa 
Cerebral sulci +. a TOE 
Cerebellar folia a KORA Jk 
Cisterns—pontine + oe a Jiii 

cerebellopontine angle -+ +++ dbal 

suprasellar 4 kpt Aek 

interpeduncular + deih eae 

cisterna magna + the cbs oka d 
Diaphragm of sella 4 on ae co 3 
Optic nerve and chiasm O +-+ + 
Basilar artery O daah $ 
Subarachnoid air + a decks 
Subdural air + juts het ke 
Intracranial calcification = ++ fet. 
Intracranial foreign body - ++ ++ 
Spinal canal + a ee a a. 
Spinal cord O db dea 


o= poor; += fair; ++=good; +++ = excellent. 
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Fic. 1. Cerebral Sulci and Basal Cisterns. Xeroradio- 
gram of skull shows gas in lateral, third (small 
arrow), and fourth (large arrow) ventricles. Gas in 
cerebral sulci and basal cisterns is well seen. 
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MATERIAL AND METHOD 


A total of 45 cases with various neuro- 
logical symptoms which were studied by 
pneumoencephalography, air myelography, 
or both was picked at random for this 
study over a period of two years. An addi- 
tional 43 cases of skull roentgenograms in- 
cluding special views of the paranasal 
sinuses, orbits, and nasopharynx in pa- 
tients with neurological and ophthalmo- 
logical problems were also included in this 
study (Table 1). The normal and patho- 
logical findings which were encountered 
have been listed in Table 11. The age of the 
patients who were studied ranged from one 
month to 67 years. Prior to this study nu- 
merous preliminary “test-exposures” were 
made with single and three-phase genera- 
tors varying the milliampere-seconds (MAS) 
and kilovoltage (KV) in order to obtain the 
best image for the demonstration of various 
anatomical structures outlined by air. The 





frontal view. (B) Tomography clearly demonstrates suprasellar mass (arrow head) deforming inferior 
portion of third ventricle. (C) Xeroradiogram. Suprasellar mass is shown (arrow head) in frontal view. 
(D) Lateral view also demonstrates large suprasellar mass deforming third ventricle. 
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average exposures used for xeroradiography 
and conventional roentgenography in pneu- 
moencephalography and air myelography 
are listed in Table 111. 

Satisfactory exposures for xeroradio- 
grams of air myelography varied more than 
for pneumoencephalography, depending on 
the different level of interest of the spinal 
canal in addition to the age and size of the 
patient. Similar exposures were used for 
xerotomograms. When a positive mode 
is used in xeroradiography, significantly 
greater exposure is necessary in contrast 
to a negative mode. 


DISCUSSION 


Xeroradiograms were compared with 
conventional roentgenograms, tomograms, 
and xerotomograms of specific tissue and 
anatomical regions. The comparison of each 
method has been listed in Table rv and the 
image of each was graded as poor (o), fair 
(+), good (++), and excellent (+++). 

In general the images of the ventricular 
system, brain stem, basal cisterns, cerebral 





Fic. 3. Craniopharyngioma (30M). Xeroradiogram 
shows large suprasellar mass due to craniopharyn- 
gioma (arrow) which is not calcified. 
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Fic. 4. Recurrent Acoustic Neuroma (42F). Xero- 
radiogram shows displacement of aqueduct (arrow 
head) and rotation of fourth ventricle to left due 
to large right cerebellopontine angle mass. Com- 
pressed left cerebellopontine angle cistern is due 
to displaced brain stem. 


sulci and cerebellar folia were shown in 
greater detail in xeroradiograms (Fig. 1) 
than in conventional roentgenograms due 
to the higher resolution of this technique. 
Studies have shown that 15-50 lines per 
centimeter can be recorded in xeroradiogra- 
phy in contrast to 8-16 lines in film roent- 
genography (1 mm focal spot).®! Although 
the images of normal anatomical structures 
such as the recesses of the third ventricle, 
the aqueduct, and the fourth ventricle were 
shown more clearly in routine xeroradiogra- 
phy than in conventional roentgenography, 
the images obtained by tomography were 
the best. However, the advantage of xero- 
radiography over tomography was the num- 
ber of films used. Although several films 
were needed to cover a certain anatomical 


666 


K. Jack Momose and Lester Kalisher 





NOVEMBER, 1975 
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Fic. 5. dir Myelogram of the Cervical Cord (60F). (A) Cervical cord at level of C3-Cs is poorly shown on 
single conventional tomographic cut due to scoliosis of cervical spine. (B) Xeroradiogram outlines entire 


length of cervical cord as a single image. 
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Fic. 6. Post-Head Injury (24F). Xeroradiogram 
clearly demonstrates wire-mesh covering bony 
defect, metal clips, and catheter within lateral 
ventricle. 





area in tomography, xeroradiography cov- 
ered it in a single exposure. Similarly, 
masses in the suprasellar (Fig. 2; and 3) or 
in the cerebellopontine angle cisterns (Fig. 
4) were adequately shown with a single 
xeroradiogram in contrast to the need for 
several films in tomography. When the 
skull or cervical spine was deformed, mid- 
line structures such as the brain stem and 
spinal cord were not completely shown in a 
single tomogram but required several cuts. 
Xeroradiography, in contrast, encompassed 
the similar area with a single image (Fig. 5). 

The property of edge enhancement in 
xeroradiography allows good delineation of 
structures whose roentgenographic density 
is similar to that of the surrounding tissue 
if the margins are sharp. This has allowed 
the demonstration of intracranial calcifica- 
tion, clips, pantopaque, and catheters to be 
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Fic. 7. Meningeal Calcification (68M). (4) Conventional roentgenogram. Anteroposterior view of skull shows 
air in frontal horns, but outline of the skull is poorly seen. (B) Lateral view shows skull outline along with 
lateral and third ventricles but meningeal calcification is poorly seen. (C) Xeroradiogram. Skull, brain, 
and meningeal calcification are shown well in frontal view. Metal wire in left internal auditory canal (arrow) 
is also shown. (D) Meningeal calcification is better seen in relation to skull than in (4). 
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Fic. 8. Acromegaly (40M). Xeroradiogram shows 
large pituitary adenoma which bulges into sphe- 
noid sinus and extends into suprasellar cistern to 
deform third ventricle. Subdural gas anterior to 
frontal lobe and subarachnoid gas in basal cisterns 
are clearly seen. 
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shown in greater detail than by conven- 
tional roentgenograms (Fig. 6).51° Thin 
meningeal calcifications (Fig. 7) or gas in 
the subdural or subarachnoid spaces was 
more sharply delineated in xeroradio- 
grams than in conventional roentgeno- 
grams (Fig. 8). 

Another important property of xeroradi- 
ography is its wide recording latitude.” 
This has allowed xeroradiography to dem- 
onstrate all radiodensities on a single ex- 
posure 1n contrast to the necessity of sev- 
eral films with different exposure factors 
when conventional films are used (Fig. 9). 

Facial bones and soft tissue of the pos- 
terior nasopharynx were shown with a 
sharp, etched quality in xeroradiograms in 
many of the skull series. Xeroradiography 
has allowed good demonstration of various 
pathological conditions in the naso-oro- 
pharynx in addition to the ocular (Fig. 10) 


Fic. 9. Infant with Hydrencephaly (three month M). (4) Conventional roentgenogram. Air in deformed 
lateral ventricles is seen, but skull outline is not. (B) Xeroradiogram. Enlarged skull with thinned bone is 
shown with air in deformed lateral ventricles. Cochlea and semicircular canals in petrous bones are clearly 


shown. 
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Fic. 10. Comparison of Negative and Positive Modes 
in Xeroradiography. (A) Negative image shows gas 
in the cerebral sulci, basal cisterns, and lateral 
ventricles in detail. (B) Positive image shows bony 
details more sharply than above. Vascular groove 
in skull is more difficult to separate from gas in 
cerebral sulci. 


>> 


and mastoid regions. Tomography was 
often unnecessary in many of these cases. 
The use of positive and negative modes 
in xeroradiography has delineated certain 
lesions in the basal cisterns in greater detail 
(Fig. 11). The negative mode was used 
more often in routine pneumoencephalo- 
graphic studies. The positive mode was 
useful in the detailed analysis of bone 
trabeculation when cases of meningioma 
or acromegaly with osseous involvement 
were studied by pneumoencephalography. 
Positive images were used more frequently 
for routine and special views of the skull 
requiring bony detail. 
K. Jack Momose, M.D. 
Department of Radiology 


Massachusetts General Hospital 
Boston, Massachusetts 02114 
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Fic. 11. Retinoblastoma (6F). (4) Xeroradiogram of left orbital region shows calcification in ocular globe 
(arrow) which was less clearly seen on conventional roentgenograms. (B) Oblique magnification of orbit 
pinpointing calcium (arrows). 
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THORIUM INDUCED HEPATIC 
HEMANGIOENDOTHELIOMA* 


ROENTGEN-ANGIOGRAPHIC FINDINGS IN TWO ADDITIONAL CASES 


WITH CLINICAL “INFORM AND CONSENT” PROBLEMS 


By JOSEPH L. CURRY, M.D.,t WILLIAM G. JOHNSON, M.D.,+ DAVID H. 
FEINBERG, M.D.,t and JOHN H. UPDEGROVE, M.D.§ 


EASTON, PENNSYLVANIA 


ABSTRACT: 


I. 


Two additional cases of presumed, thorium-induced hemangioendothelioma of 
the liver are reported. 


. The angiographic pattern of large venous lakes conforms closely to the pathologic 


descriptions of this malignancy. 


. To our knowledge, angiography of the thorotrast (and vinyl chloride) liver, be- 


fore the clinical evolution of malignancy, has not been recorded and may provide 
information of prognostic and therapeutic value. 


. Incidental identification of thorium deposits in the tissues of clinically healthy 


patients creates perplexing “inform and consent” problems. Presumably, these 
must be solved on an individual basis. 


. Because the use of thorotrast has been discontinued since the early 1950s, all 


physicians reviewing chest and abdominal roentgenograms should be aware of 
the characteristic appearance of human thorotrast deposits, especially in the 
liver, spleen and celiac lymph nodes. 


. The number of living thorotrast “carriers” and previous deaths from thorotrast 


related malignancy seems highly uncertain at this time. 


Tt late oncogenic effects of intra- 
vascular thorium dioxide have been 
recognized for many years.°:!1%:2! This com- 
munication concerns two additional cases 
of thorotrast induced hepatic malignancy 
which occurred 26 and 28 years after thoro- 
trast cerebral angiography. The incidental 
discovery of thorium deposits during chest 
roentgenography in one of these patients, 
who was then clinically well, raised per- 
plexing “inform and consent?” problems 
which are discussed below (Case 1). 

In 1972, Janower et a/.!° stressed the 1m- 
portance of recognition and study of thoro- 
trast injected patients, since this is a 
rapidly disappearing group of individuals. 
The remaining thorotrast “carriers” are a 
group of persons who will probably disap- 
pear from our population within the next 
25 years. More important, their character- 
istic abdominal roentgenograms may es- 
cape accurate recognition, especially by 


recently trained radiologists and other 
physicians!*5 (Fig. 1, 4 and B; and 2/4). 

The actual number of humans injected 
with thorotrast is unknown but has been 
estimated to be between 50,000 and 
100,000. Reports also suggest a substan- 
tial difference of opinion with regards to 
the cancer liability involved.?:5!0!4 Al- 
though most thorium related malignancies 
recorded are hepatic and have followed 
intravascular injection of the thorium col- 
loid, occasionally malignancy has been re- 
ported following thorium use as a contrast 
medium for intracavitary roentgenographic 
studies, such as retrograde pyelography,!:” 
bronchography,! and visualization of the 
paranasal sinuses.’ Sarcomas appearing in 
the edge of thorotrast granulomas of the 
neck, due to accidental extravascular de- 
posits of thorotrast, have also been re- 
corded. 

Thorotrast, the purified form of colloidal 


* From the Departments of Radiology,t Internal Medicine,f and Surgery,§ Easton Hospital, Easton, Pennsylvania. 
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thorium dioxide, has been used as a con- 
trast medium in roentgenology since 1930. 
Because of its deposition in the reticulo- 
endothelial cells, intravascular thorotrast 
was employed for many years to opacify 
the spleen and liver.'* Its dense radiopacity 
also made it a popular agent for cerebral 
angiography. Thorotrast use was largely 
abandoned in the early 1950s due to the 
growing awareness of its potential onco- 
genic effects and the risks of severe inter- 
stitial fibrosis with accidental extravascular 
injection.! %16 

After intravascular injection, the tho- 
rium colloid is deposited in the reticulo- 
endothelial system; approximately 70 per- 
cent in the liver and 20 percent in the 
spleen. Most of the remaining ten percent 
is deposited in lymph nodes and bone mar- 
row. Accumulation in the lymph nodes is 
most striking in the celiac area due to depo- 
sition in efferent hepatic lymph nodes.’ 

Radioactive disintegration is complex 
and, in biologic material, its late distribu- 
tion is subject to variation. There is an 
overwhelming preponderance of alpha en- 
ergy (90 percent), with a beta particle energy 
contribution of about nine percent and 
gamma radiation approximately one per- 
cent.” From the human clinical viewpoint, 
the biological and physical half-lives of 
thorium are virtually “forever,” the former 
being 400 years; the latter 1.4 X10!° years.’ 

Although oncogenic risks were predicted 
as early as 1932,° the first recorded case of 
thorium-induced malignancy, a liver sar- 
coma, was not reported until 1947.18 By 
1972, an additional 123 cases of thorotrast 
liver malignancy had been documented, 
but only 18 of these were reported from the 
United States.?° Although the latent period 
between thorium injection and liver ma- 
lignancy has varied from three years to 35 
years, all of these 123 cases occurred in pa- 
tients between 49 and 55 years of age.” 
Isolated reports of thorium related malig- 
nancy continue to appear in the litera- 
ture. }?:23.24 


REPORT OF CASES 
Case 1. This 52 year old white female had 
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been in good clinical health for many years until 
December, 1970, when she noted a subjective 
feeling of generalized “puffiness.” Physical 
examination was entirely normal as were hema- 
tologic studies and urinalysis. A chest roent- 
genogram showed lacelike, reticular, and punc- 
tate opacities in the convexity of the upper liver 
and splenic margins (Fig. 14). This discovery 
led to additional survey roentgenograms which 
confirmed the presence of opacities, suggestive 
of thorotrast deposits, in the liver, spleen, and 
regional lymph nodes (Fig. 1B). Laboratory 
studies showed a marked increase in the alkaline 
phosphatase and the SGOT levels, confirmed 
by bench methods. Discreet inquiry disclosed 
that this patient had undergone thorotrast 
cerebral angiography 26 years previously, fol- 
lowing a transient left hemiparesis. 

Serious problems arose concerning the wis- 
dom of informing this patient that she was a 
“carrier” of radioactivity with a risk of subse- 
quent cancer death. Because this patient could 
have lived in reasonably normal clinical health 
for an undetermined number of years, it was 
deemed advisable to withhold this information 
from her and to refrain from further investiga- 
tive studies. This decision was made after con- 
sultation with her husband, who agreed that 
such information would probably devastate the 
patient’s morale and should be withheld until 
such time as she might become clinically ill. 

Twelve months later, in December, 1971, be- 
cause of a history of acute anxiety, and a weight 
loss of 18 pounds, the patient was re-evaluated. 
At this time, the liver was slightly enlarged but 
non-tender. Her clinical laboratory studies were 
similar to those one year earlier. The patient 
was ambulatory and able to pursue limited 
activities. She maintained this clinical status 
until two years later, when, in February, 1974, 
she was hospitalized because of sudden pain in 
the right flank. Re-examination showed a 
markedly enlarged, firm liver. Roentgeno- 
graphic examinations of the gastrointestinal 
tract, gallbladder, and urinary tract were nor- 
mal, except for the enlarged liver and the previ- 
ously noted thorium deposits. Hepatomegaly 
was the only abnormality noted on physical 
examination. Radioactive liver scan showed 
diffuse, widespread perfusion defects of vary- 
ing size, and the alkaline phosphatase and 
SGOT levels were markedly elevated. 

The serum electrophoretic pattern, alpha 
fetoprotein, serum electrolytes, VDRL, pro- 
thrombin, partial thromboplastin levels, and 
urinalysis were normal. Surprisingly, the blood 
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Fic. 1. Case 1. (4) Chest roentgenogram procured as part of routine physical examination, showing linear 
hepatic and punctate splenic opacities. (B) Reticular hepatic, punctate splenic, and solid celiac nodal 


opacities shown on abdominal roentgenogram. 


cell count, hemoglobin and hematocrit were 
also normal. Liver biopsy was not performed 
for fear of possible hemorrhage in an enlarged, 
fibrotic, and possibly malignant tumor. 

Celiac angiography showed hepatic replace- 
ment by large vascular “lakes” which filled 
early in the arterial phase and remained opaci- 
fied for a period exceeding 30 seconds (Fig. 1, 
C and D). The portal circulation appeared 
normal with hepatopedal flow and no evidence 
of varices. Because of the history, the angio- 
graphic findings suggested the large, vascular 
pools of hemangioendothelioma.® 

The patient’s pain subsided and she returned 
home, but she became intensely jaundiced and 
continued to lose weight and was rehospitalized 
several weeks later. On readmission to the hos- 
pital, laboratory studies indicated marked ele- 
vation of alkaline phosphatase, elevated pro- 
thrombin time and profound anemia. The 


Coombs’ test was negative and serum folate was 
decreased. The patient was dyspneic with a 
massive right pleural effusion. Palliative mea- 
sures kept her pain-free with progressive de 
deterioration, and she expired on July 8, 1974, 
seven weeks after her final hospital admission. 

Necropsy showed diffuse angiosarcomatosis, 
macroscopic in the liver and spleen and micro- 
scopic in the left adrenal, left renal and bone 
marrow tissues. 

Grossly, the liver surface was firm and 
fibrotic with gray and whitish-brown surface 
discoloration and dense, linear fibrotic strands. 
The cut surface showed replacement by nodules 
of varying size, many of which were necrotic 
and hemorrhagic. Diffuse, ovoid vascular le- 
sions containing blood clots were visible. Micro- 
scopically, the tumors were composed of an- 
astomosing vascular channels that were dilated 
to varying degrees and which were lined by 





Fic. 1. (C) Celiac angiography, arterial phase, with early filling of diffuse, mottled vascular pools. 
(D) Celiac angiography, 30 seconds later, showing persistence of large vascular lakes. 
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Fic. 1. (E) Photomicrograph, liver, ner large 
nee lakes, malignant tumor cells and darkly 
stained thorotrast granules (Hematoxylin phloxine 
Safranin, X 100). 
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anaplastic, endothelial cells which also infil- 
trated supporting stroma (Fig. 1£). In many 
areas, the large blood pools were identifiable 
as markedly dilated sinusoids. 

The spleen was grossly involved by hemor- 
rhagic and necrotic tumor but lacked the gross, 
vascular pools seen in the liver. Microscopically, 
the splenic and the adrenal, kidney and bone 
marrow tumors all showed hemangioendo- 
thelioma. Refractile, yellowish-brown crystal- 
line material consistent with thorotrast was 
found regional to neoplastic areas in the liver 
and bone marrow, but none was found within 
tumor cells. 


Case ul. This 54 year old acutely ill, white, 
male patient was hospitalized with abdominal 





Fic. 2. Case 11. (4) Abdominal roentgenogram showing reticular and 
linear thorium deposits in an enlarged liver with nodular densities in 
regional lymph nodes. The spleen is replaced by massive, solid tho- 
rium opacity. (B) Extravascular deposits of thorotrast in the carotid 
sheath related to percutaneous cerebral angiography, 28 years pre- 


viously. 
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distention, hepatomegaly and weight loss. 
Roentgenologic studies showed lacey and retic- 
ular deposits of thorium in the liver with solid 
opacities in the spleen and regional lymph 
nodes, as well as interstitial densities in the 
area of the lower carotid sheath (Fig. 2, 4 and 
B). It was established that a thorotrast cerebral 
angiogram had been performed 28 years pre- 
viously. The patient had been extensively 
studied elsewhere, three years previously for ra- 
diation activity in his tissues, and these findings 
were recorded. However, the patient seemed 
unaware of the potential, harmful effects of 
these thorotrast deposits, and this particular 
matter was not discussed with him. 

Pertinent laboratory data included a hemo- 
globin of 10.6 milligrams percent, hematocrit 
33 percent, white blood cell count, 6,900 per 
cubic millimeter with a normal differential 
white count, normal prothrombin time, alkaline 
phosphatase 650 units, LDH 320 units, and 
SGOT 150 units. 

Celiac angiography supported the clinical 
suspicion of hepatic malignancy, showing large, 
diffuse vascular “lakes” which perfused early in 
the arterial phase and remained opacified for 
a period of 45 seconds (Fig. 2, C and D). The 
angiographic abnormalities were similar to 
those noted in Case 1, and suggested a diagnosis 
of hemangioendothelioma. Because of a falling 
hematocrit level and increasing abdominal fluid, 
hemoperitoneum was diagnosed and emergency 
laparotomy was performed in an effort to con- 
trol the patient’s bleeding. At surgery, 2,000 cc 
of bloody ascitic fluid was aspirated from the 
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Fic. 2. (C) Celiac angiography showing early arterial filling of large vascular pools. (D) Celiac angiography 


showing persistent opaque medium in large vascular lakes 35 seconds later. 


peritoneal cavity and an enlarged, firm lobular 
liver was seen. A large blood clot was adherent 
to the inferior aspect of the left lobe of the liver 
and marked the site of recent hemorrhage. A 
single biopsy was obtained from the anterior 
convexity of the central portion of the right 
lobe, and considerable difficulty was encoun- 
tered in controlling bleeding. Postoperatively, 
the patient became progressively weaker as the 
ascites reaccumulated. The hemoglobin grad- 
ually fell to 5 grams, and the patient expired on 
the eighth postoperative day. 

Histologically, the biopsy specimen showed 
extensive interstitial fibrosis with many macro- 
phages containing granular material consistent 
with thorotrast, none of which was present 
within malignant cells. There was proliferation 
of elongated and spindled cells which outlined 
atypical vascular channels of varying size, 
lined by predominantly neoplastic endothelial 
cells, considered characteristic of hemangio- 
endothelial sarcoma (Fig. 2£). 

Permission for autopsy was not granted. 


DISCUSSION 


Over 120 thorium-related liver malig- 
nancies have been recorded, and almost 50 
of these have been classified as hemangio- 
endothelioma; the remainder being repre- 
sented by hepatomas and cholangio-carci- 
nomas.!%?° In 1967, J. da Silva Horta,’ in an 
extensive study of late thorotrast effects, 
emphasized the frequency of hemangio- 
endothelioma in the thorotrast liver and its 
rarity in individuals who have not been in- 


jected with thorotrast. Recent epidemio- 
logic studies by United States Public 
Health Agencies cite the potential, onco- 
genic hepatic effects of industrial polyvinyl 
chloride exposure, and also stress the rarity 
of spontaneous hepatic angiosarcoma.” 
Although most recorded cases of intra- 
vascular, thorium-induced malignancy are 
hepatic, it has been noted that more de- 
tailed autopsy evaluation of bone marrow 
and other extrahepatic thorium deposition 
sites might uncover additional evidence of 
malignancy.® This impression is supported 
by autopsy findings in Case 1 of this report 
where microscopic hemangioendothelioma 
was found in bone marrow, adrenal and 





vascular lakes, malignant cells and darkly staining 
thorotrast granules (Hematoxylin phloxine Safra- 
nin, X100). 
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kidney. In the bone marrow specimens, 
angiosarcomas were accompanied by re- 
gional thorium deposits which were not 
present within the malignant cells. This 
finding has raised speculation as to whether 
‘the extrahepatic malignancies represent 
metastases or tumors of multicentric origin.° 

Large “blood lakes” have been described 
as a lacunar feature of hepatic hemangio- 
endothelioma which confers a particular 
aspect to this tumor and may be seen 
macroscopically. The large and persistent 
vascular pools shown in the angiograms of 
these two recorded cases would seem to re- 
flect the roentgenologic counterpart of the 
pathologic descriptions (Fig. 1, C-£; and 2, 
C-E). 

To our knowledge, angiography of the 
thorotrast liver before and after the clinical 
evolution of malignancy has not been re- 
corded and may provide information of 
therapeutic and prognostic value. Since 
isolated cases of juvenile angiosarcoma of 
the liver have been cured by lobectomy, 
Smoron and Battifora®® advocate a search 
for premalignant and early malignant 
changes in thorotrast livers. Others have 
also advocated a search for early diagnosis 
in the hope that local resection might offer 
a chance for surgical cure.!?31® The possi- 
ble value of intensive chemotherapy has 
also been suggested, before the occurrence 
of gross hepatomegaly and diffuse liver 
malignancy.”° 


Joseph L. Curry, M.D. 
Department of Radiology 
Easton Hospital 

Easton, Pennsylvania 18042 
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ADDENDUM: Since the completion of this report, we have 
identified two additional “thorotrast livers” on a survey of our 
roentgenographic files during the past 20 years. One of these was 
a male patient who was subjected to roentgen studies in 1964 
and at that time was 56 years of age. His abdominal roentgeno- 
grams are highly compatible with previous thorotrast injection 
but he was an itinerant patient and has been lost to follow-up. 
The other patient, a 53 year old female, was first examined at 
Easton Hospital several months ago because of minor gastro- 
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intestinal symptoms. She was exposed to a thorotrast cerebral 
angiogram at age 20 years and now seems to be in good clinical 
health. This patient has not yet been informed of her thorium 
deposits for reasons already discussed in Case 1 of this report, 
and this matter is now under consideration. 
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INTRATHORACIC KIDNEY* 


By BENGT LUNDIUS, M.D. 


LUND, SWEDEN 


ABSTRACT: 


Two cases of ectopic, partly intrathoracic kidneys are discussed. One case repre- 
sents bilateral ectopy, an extremely rare condition. This anomaly deserves considera- 
tion because a correct diagnosis can save the patient extensive examinations and 


possibly thoracic surgery.! 


Hoe or partly ectopic intrathoracic 
kidney is a very rare developmental 
anomaly. In 15,919 autopsies of children 
Campbell’ found 22 cases of ectopic kidney, 
and only one was an intrathoracic kidney. 
Burke et al? compiled a list of 31 described 
cases of intrathoracic kidney. The left kid- 
ney was most commonly ectopically situ- 
ated, and no case of bilateral ectopic kid- 
neys was described. The sex of the patients 
was known in 17 of these cases: 15 were 
male. The intrathoracic kidneys were 
asymptomatic and in all cases their func- 
tion was unimpaired. Wolfromm,!° in 1940, 
was the first to describe an intrathoracic 
kidney in a living patient. On a bilateral 
retrograde pyelogram he found an asymp- 
tomatic intrathoracic kidney on the right 
side. 

Spillane and Prather? postulated three 
criteria of congenital intrathoracic kidney: 
(1) rotation anomaly; (2) long ureter; and 
(3) abnormally high derivation of the ves- 
sels of the kidney. Gondos® remarked that 
in addition to these three criteria there will 
be a medial deviation of the lower pole of 
the kidney. 

Differentiation must be made between 
congenital ectopy and cranial displacement 
of the kidney combined with eventration of 
the diaphragm. In congenital ectopy the 
ascent of the kidney, which in early fetal 
life develops in the pelvis, has continued 
cranially and passed the diaphragm which 
closes below or around the kidney. In 
cranial displacement there is a possibility 
of a developmental anomaly of the dia- 


phragm adjacent to the adrenal gland and 
the upper pole of the kidney, so that the 
diaphragm closes around these organs, or 
there may be a weakening resulting in 
eventration of the diaphragm. Both condi- 
tions can be simulated by a traumatic 
diaphragmatic rupture. 


REPORT OF CASES 


Case 1. A male, aged 62 years, with a history 
of duodenal ulcers in 1932 and 1941; thereafter 
no abdominal discomfort was noted. In 1965, he 
had had a fracture of the cervical spine in a 
traffic accident, in which there was no known 
trauma to the chest or the abdomen. In 1972 
he had attacks of cardiac arrhythmias for 
which he was treated in the Cardiology Depart- 
ment. A chest roentgenogram showed a tumor 
situated in the base of the right thorax (Fig. 
1, 4 and B). On an intravenous pyelogram, this 
tumor was shown to be a partly intrathoracic 
kidney (Fig. 1C). On the same study an addi- 
tional sign was found indicating a left-sided 
suprarenal tumor. Renal angiography con- 
firmed the right-sided finding and showed a 
partly intrathoracic kidney supplied by two 
arteries on the left (Fig. 1, D and E). On both 
sides the renal arteries were shown to leave the 
aorta at the normal level. On the left side the 
abnormal location of the kidney was best seen 
during deep inspiration. The renal pelves on 
both sides showed no pathological changes. The 
ureters were displaced distally and bilaterally 
by an enlarged prostate which made an impres- 
sion in the urinary bladder. 


Case 11. A boy, aged five years, was examined 
in the Pediatric Clinic because of a cardiac 
murmur, first noticed at the age of one year. 


* From the Department of Diagnostic Radiology, University Hospital, Lund, Sweden. 
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Fic. 1. Case 1. Sixty-two year old male. (4) Posteroanterior and (B) lateral chest roentgenograms show 
bilateral, well defined medial mass lesions posteriorly at the diaphragms. (C) Selective right renal angiog- 
raphy demonstrates the kidney to extend above the right hemidiaphragm. (D and £) Selective angiography 
of the two arteries to the left kidney show the upper pole extending above the left hemidiaphragm. 


The examination showed an acyanotic tetralogy 
of Fallot. 

A roentgenogram of the chest showed a tumor 
at the base of the left lung and a small hernia- 
tion of the stomach (Fig. 2, 4 and B). The 
tumor was shown on intravenous pyelography 
to be an ectopic left kidney, the greater part of 
which was displaced intrathoracically (Fig. 2, 
C and D). The morphology of the pelvis was 
normal, There were a long ureter and a medial 


deviation of the lower pole but no malrotation 
of the kidney. The patient had no symptoms 
from his left ectopic kidney. 


DISCUSSION 


Two cases of ectopic, partly intrathoracic 
kidneys are described. One case is a left- 
sided ectopy in a five year old boy, the 
other a bilateral ectopy in a 63 year old 
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lic. 2. Case 11. Five year old boy. (4) Posteroanterior and (B) lateral chest roentgenograms show a well 
defined medial mass lesion posteriorly on the left side. Intravenous pyelogram, (C) anteroposterior and 
(D) lateral views, demonstrate the high position of the left kidney and the long ureter. 
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man. In neither of the cases did trauma 
cause rupture of the diaphragm. 

The application of diagnostic pneumo- 
thorax has been described in the literature 
several times as a method for establishing 
differential diagnosis between diaphrag- 
matic hernia and eventration. We have con- 
sidered it inadvisable to use this method in 
these patients because the ectopic kidneys 
were asymptomatic. 

In one of the cases an aortogram showed 
the renal arteries leaving the aorta at a 
normal level. The arteries were duplicated 
on the left side. However, there was no 
malrotation of the kidneys. Ectopic, partly 
intrathoracic kidneys can be very difficult 
to differentiate by chest roentgenography 
from diaphragmatic tumors, usually lipo- 
mas,’ whereas intravenous pyelography can 
establish the differential diagnosis. 


Department of Diagnostic Radiology 
University Hospital 
S-221 85 Lund, Sweden 
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CAVERNOUS HEMANGIOMA OF THE KIDNEY* 


By ROBERT J. STANLEY, M.D.,¢ ENRIQUE CUBILLO, M.D.,§ RAUL MANCILLA- 
JIMENEZ, M.D.,{ GUILLERMO GEISSE, M.D.,f and G. LELAND MELSON, M.D.f 


ST, LOUIS, MISSOURI 


ABSTRACT: 


Three patients with cavernous hemangiomas of the kidney all presented with 
hematuria. In each there was found a poorly defined renal medullary mass with dis- 
placement of the calyces and renal vessels and paradoxical hypovascularity of the 
mass. This rare, benign tumor of the kidney should be considered in the presence of 


this characteristic clinical picture. 


P September, 1973, two of the authors 
(E.S. and R.J.S.) reported the first known 
case of cavernous hemangioma of the kid- 
ney which presented angiographically as a 
hypovascular, poorly defined mass in the 
medulla. Since then two similar cases of 
this tumor have come to our attention. The 
striking angiographic similarities of these 
three cavernous hemangiomas of the kidney 
suggest that the combination of clinical 
and roentgenographic features which were 
found may be characteristic of this lesion 
and prompt us to describe this entity in 
further detail. 


REPORT OF CASES 


Case 1. The clinical features of Case 1 are 
described in detail in the previous report.* In 
summary, a 23 year old female experienced the 
sudden onset of right flank pain two weeks 
prior to admission and severe hematuria dur- 
ing the seven days prior to admission. Initial 
evaluation by excretory urography and ne- 
phrotomography showed deformity of the up- 
per calyx and filling defects within the renal 
pelvis presumed to be blood clots. A selective 
renal arteriogram (Fig. 1, 4 and B) demon- 
strated some separation of the upper pole in- 
trarenal arteries, diminished arterial branching 
and an ill-defined hypovascular area in the 
medullary portion which produced slight over- 
all increase in the size of the upper pole. Due to 
continued bleeding a nephrectomy was per- 
formed. 


Case 1. An eleven year old girl was ad- 
mitted to St. Louis Children’s Hospital in 


November, 1974, with a one week history, of 
gross, painless hematuria unaccompanied by 
fever or other significant signs or symptoms. 
There was no prior history of urinary tract 
disease. An excretory urogram demonstrated a 
normal appearing left kidney and left collecting 
system. On the early roentgenograms (Fig. 24) 
the contour of the enlarged right upper pole 
was poorly defined due to diminished contrast 
density, while the lower pole was clearly de- 
fined. The upper pole calyces were not visual- 
ized and a filling defect, presumably a blood 
clot, was present within the renal pelvis. De- 
layed roentgenograms (Fig. 2B) revealed an 
“obstructive nephrogram” appearance of the 
upper and mid portion of the right kidney and 
a poorly defined area of central lucency. A renal 
sonogram (Fig. 3, 4 and B) demonstrated en- 
largement of the right kidney with multiple 
echoes arising from the central or medullary 
portion of the kidney as well as from the area 
of the collecting system. A selective renal ar- 
teriogram (Fig. 4, 4 and B) showed separation 
and diminished branching of the intralobar ar- 
teries very similar to the pattern seen in the 
earlier case. A few minute tortuous and irregu- 
lar vessels were visible in the central area of the 
upper pole which otherwise remained hypo- 
vascular. The appearance suggested a centrally 
expanding process, a pattern sometimes seen 
in hydronephrosis. In the nephrogram phase, 
the corticomedullary junction was poorly de- 
fined and the somewhat lucent medullary area 
appeared to be enlarged. No abnormal venous 
drainage was seen. 

The clinical presentation and the roentgeno- 
graphic features were considered to be sufh- 
ciently similar to the previous case that a pre- 


* From the Mallinckrodt Institute of Radiology,t Department of Surgical Pathology, Washington University School of Medicine, 
and St. Luke’s Hospital, Department of Radiology,§ St. Louis, Missouri. 
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Fic. 1. Case 1. (4) Selective right renal arteriogram, anteroposterior, arterial phase. Segmental branches 
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to the upper pole are separated and slightly bowed. Branching of these vessels in the medulla is diminished 
compared to the lower pole arteries. (B) Selective right renal arteriogram, right posterior oblique, capillary 
phase. Poorly marginated, hypovascular area is noted in center of uniformly enlarged upper pole. A dis- 
torted calyx included in the area is faintly visible. The corticomedullary junction is not visible in the upper 
pole. (Reproduced with permission from the Journal of the Canadian Association of Radiologists.) 


operative diagnosis of cavernous hemangioma 
was offered. A nephrectomy was performed. 


Case 111. A 32 year old white female was ad- 
mitted to the Harrisburg Polyclinic Hospital in 
September, 1970, for evaluation of intermittent 
total gross, painless hematuria since the age of 
16. During the 16 year interval, numerous 
uroroentgenologic examinations had failed to 
define a specific lesion. On each endoscopy, 
blood was seen to emanate from the left ureteral 
orifice. 

A left retrograde pyelogram (Fig. 5) demon- 
strated extrinsic pressure on the infundibulum 
and calyces of the upper pole. In addition, a 
“calyceal diverticulum” was also noted. A left 
selective renal arteriogram (Fig. 6) showed 
stretching and diminished branching of the ar- 
teries in the upper half of the kidney similar to 
Case 1, and 11. The significance of these findings 
was not initially appreciated and the discovery 


of a large cavernous hemangioma at the time of 
nephrectomy was unexpected. 


PATHOLOGIC FINDINGS 


Gross examination of the three nephrec- 
tomy specimens revealed spongy hemor- 
rhagic lesions primarily located in the 
medullary regions. In Case 1 the tumor 
measured 4X3 cm and surrounded the up- 
per pole calyces and infundibulum. The 
lesions in Case 11 (Fig. 7) and Case 111 were 
very extensive, involving almost the entire 
medullary portions of the kidneys. There 
was also focal involvement of the cortex in 
Case 11. Microscopically, the three tumors 
were composed of large, tortuous anasto- 
mosing vascular channels characteristic of 
cavernous hemangiomas. In some areas of 
the tumor in Case 11, it appeared that the 
hemangioma was actually arising from the 
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Fic. 2. Case 11. (4) Excretory urogram, eight minute roentgenogram. Contour of the upper pole on the right 
is poorly defined due to over-all diminished contrast medium density. Right renal pelvis is deformed and 
the calyces to the upper pole are not visualized. Left renal contour and collecting system appear normal. 
(B) Thirty minute roentgenogram from same excretory urogram. The contour of the enlarged right upper 
pole is clearly defined. Upper and mid portion of right kidney now have an “obstructive nephrogram’”’ 
appearance. Large filling defect within renal pelvis is produced by blood clot. A poorly defined area of 
lucency is visible in the center of the expanded upper pole. 


arcuate arteries (Fig. 8) and, in addition, 
organized thrombi were frequently seen. 


ROENTGENOLOGIC FINDINGS 


The roentgenographic features common 
to these three cases include: (1) the pres- 
ence of an intramedullary mass effect pro- 





ducing varying degrees of calyceal de- 
formity; (2) slight bowing and separation 
as well as diminished branching of the 
intrarenal arteries throughout the lesion; 
(3) hypovascularity and over-all diminished 
contrast medium density compared to the 
surrounding normal parenchyma; and (4) 
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Fic. 3. Case 11. (4) Prone, longitudinal B mode ultrasound scan of the right kidney demonstrates a promi- 
nent sonographic appearance of the collecting system and a solid mass lesion in the upper pole (arrow). 
Head is to the left. (B) Prone, transverse B mode ultrasound scan at the level of the right upper pole. 
Enlargement of right upper pole is apparent. Solid mass lesion produces dense echo pattern in the area of 


the medulla and collecting system. 
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Fic. 4. Case 11. (4) Selective right renal arteriogram, anteroposterior, arterial phase. Segmental arteries to 
upper half of kidney are separated and distorted. Diminished and abnormal branching is apparent. (B) 
Selective right renal arteriogram, anteroposterior, capillary phase. Poorly defined area of central lucency is 
present in the upper and mid zone of the expanded right kidney. No abnormal collections of contrast agent 


or anomalous draining veins are evident. 


poor definition of the margins of the mass. 
Not seen in any of the three cases were 
focal collections of contrast medium within 
the mass, appearing early and persisting 
well beyond the venous phase of the angio- 
gram. This latter appearance has been de- 
scribed in cavernous hemangiomas of the 
liver,!:®7 as well as in one of the two cases of 
renal cavernous hemangiomas illustrated 
by Evans and Bosniak.’ In addition, Case 
11 exhibited an “obstructive nephrogram”’ 
in the upper half of the affected kidney and 
more obvious over-all enlargement of the 
upper and mid portion of the kidney. It is 
presumed that the expanding mass itself 
produced the partial obstruction resulting 
in the unusual obstructive nephrogram and 
the lack of calyceal visualization. The renal 
sonogram further established the solid na- 


ture of the lesion in Case 11 and eliminated 
the possibility that this was simply a fluid 
filled cyst or isolated hydrocalyx. 


DISCUSSION 


The renal hemangioma is a rarely oc- 
curring benign tumor. Only two renal 
hemangiomas have been evaluated and 
diagnosed by the Surgical Pathology De- 
partment of Washington University Medi- 
cal Center. The autopsy studies of Bell? 
and Riley and Swann’ found one renal 
hemangioma in a combined total of over 
43,000 autopsies. 

In 1964 Andersen and Rasmussen? re- 
ported a case of a hemangioma of the renal 
pelvis which was highly vascular on selec- 
tive arteriography. The lesion consisted of 
numerous, closely adjacent, coiled blood 


Fic. 5. Case 1. Left retrograde pyelogram. Calyces 
in the upper pole are distorted. Margins of kidney 
are not well seen but upper pole appears enlarged. 
An incidental finding is a ‘‘calyceal diverticulum.” 


vessels causing a dense accumulation of the 
contrast medium as well as delayed empty- 
ing compared with the surrounding normal 
intrarenal vessels. Their preoperative diag- 
nosis was renal hemangioma. Evans and 
Bosniak: illustrate two renal hemangiomas, 
one being the capillary form and very 
similar to the case of Andersen and Ras- 
mussen.? The other, presenting as an un- 
evenly hypovascular mass, was described 
as a venous hemangioma. While bearing 
striking similarities to the three cases re- 
ported here, it differed in that there were 
focal collections of contrast medium within 
the radiolucent mass representing contrast 
within the cyst-like venous lakes of the 
hemangioma. A large surface vein was seen 
to drain the hemangioma as well. 

It is not clear why this histologically 
vascular tumor presented as a hypovascular 
mass in these three cases. Thrombosed 
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channels, noted grossly and histologically 
within the tumor in Case 11, could account 
for some of this appearance. A large, slowly 
flowing blood pool within the tumor might 
be poorly opacified by a bolus injection. 
Conceivably, a prolonged slow arterial in- 
jection and selective venography could aug- 
ment the findings obtained by the standard 
technique. 

While the above described roentgeno- 
graphic and ultrasound features are not 
pathognomonic of a cavernous hemangioma 
of the kidney, the unusual findings are 
sufficiently different from other benign and 
malignant renal neoplasms, renal cysts, and 
other less common inflammatory processes 
that the demonstration of these findings 





Fic. 6. Case 1m. Selective left renal arteriogram, 
arterial phase. Segmental arteries to the upper 
pole appear separated and diminished branching 
pattern, similar to Cases 1 and 11 is present. In- 
complete filling of early branching artery to lower 
pole accounts for lack of arterial opacification. 
Center of upper half of kidney appeared relatively 
lucent during capillary phase (not shown). 
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should cause the examiner to strongly con- 
sider the possibility of a cavernous heman- 
gioma and to certainly include it in the dif- 
ferential diagnosis. Hypovascular cystic 
malignancies as well as other hypovascular 
infiltrating renal tumors, including meta- 
static lesions could present in the same 
fashion. Of course, a history of intermittent 
hematuria over many years in a young per- 
son would be less consistent with a malig- 
nant process. 


Robert J. Stanley, M.D. 

Mallinckrodt Institute of Radiology 
Washington University School of Medicine 
510 South Kingshighway 

St. Louis, Missouri 63110 


The authors wish to express their thanks 
to Howard M. Pollack, M.D., Episcopal 





Fic. 7. Gross specimen of Case 11. Bi-valved kidney 
showing an extensive spongy and hemorrhagic 
tumor located in the entire medulla and encroach- 
ing upon the collecting system. Focal extensions 
into the cortex are also seen. 
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Fic. 8. oie Ti. Piomar illustrating replace- 
ment of the renal medulla by large anastomosing 
vascular channels filled with blood. At the left 
(arrows) there is an arcuate artery in intimate 
relationship with the abnormal blood vessels (H 
and E X40). 


Hospital, Philadelphia, Pennsylvania for 
calling our attention to Case 11 and to 
Howard C. Beane, M.D., of the Harrisburg 
Polyclinic Hospital, Harrisburg, Pennsyl- 
vania for permission to report Case 111. 
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RADIOLOGIC FEATURES OF THE 
INTERURETERIC RIDGE* 


By JEROME J. CUNNINGHAM, M.D.+ 


WINSTON-SALEM, NORTH CAROLINA 


ABSTRACT: 


Careful attention to the dimensions and symmetry of the interureteric ridge, 
when it is visible, aids in interpretation of abnormalities in the bladder and ureters. 
It is important in evaluating renal agenesis, low ureteral calculi, trauma, and neo- 


plasm. 


TE ureteral orifices of the urinary 

bladder are separated by a gently 
curved bundle of non-striated muscle, the 
torus uretericus. This muscle bundle actu- 
ally extends slightly lateral to each ureteric 
orifice; this lateral extension is named the 
plica uretericae. Commonly, and for pur- 
poses of this report, both the torus uretericus 
and plica uretericae are collectively re- 
ferred to as the “‘interureteric ridge.” The 
interureteric ridge thus encompasses the 
distal ends of the ureters and forms the 
boundary of the widest portion (base) of 
the trigone of the urinary bladder. 

Recent uroradiological texts have pub- 
lished roentgenograms of the interureteric 
ridge visible in its normal state on routine 
urograms or cystograms.”:? However, it is 
not widely appreciated that roentgenologi- 
cally detectable abnormalities in this struc- 
ture may provide useful diagnostic infor- 
mation particularly with reference to 
acutely obstructing ureteral calculi. Several 
cases are presented in this report as illus- 
trative examples. 


REPORT OF CASES 


Case 1. Figure 1 is a roentgenogram exposed 
with dilute contrast medium in the urinary 
bladder immediately following bilateral retro- 
grade pyelography. The normal left side of the 
interureteric ridge can be seen as a radiolucent 
bar extending from the midline to the left lat- 
eral, superior aspect of the bladder. On the 
right, this bar is widened and ends in a large, 
stellate, filling defect. The right lateral aspect 





of the bladder is irregular compared with the 
smoothly and sharply marginated left side. The 
right ureter is obstructed. 

In this instance these changes are due to 
marked edema of the ureteric orifice and ad- 
jacent interureteric ridge secondary to ureteral 
catheterization. A similar picture might be seen 
with an acutely obstructing ureteral stone or a 
tumor in the area of the right side of the trigone. 


Case 11. A middle aged male presented with 
acute left-sided flank pain and hematuria. A 
supine roentgenogram made 30 minutes after 
injection of 100 mls of contrast medium shows 
an obvious horseshoe kidney (Fig. 24). The 
nephrogram of the left kidney is intense and 
the calyces are dilated. The normal right inter- 
ureteric ridge can be seen as a well defined lu- 
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Fic. 1. The left side of the interureteric ridge is nor- 
mal. The right lateral aspect of the ridge is effaced 
by a large irregular area of edema. 


* From the Department of Radiology, The Bowman Gray School of Medicine, Winston-Salem, North Carolina. 
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cent bar. The medial portion of the left inter- 
ureteric ridge is normal but the more lateral 
aspect is obscured by a large, well-marginated, 
triangular filling defect in the region of the left 
ureteral orifice and distal portion of the inter- 
ureteric ridge representing marked edema in 
this area. These findings in the urinary bladder 
are better appreciated on a coned view of the 
pelvis, where a small opaque calculus can also 
be seen just outside the left lateral aspect of 
the bladder in the distal left ureter (Fig. 2B). 

Figure 2C is a supine coned view of the uri- 
nary bladder in the same patient after voiding. 
In this state, the changes in the left interure- 
teric ridge are manifest by a rounded, poorly- 
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Fic. 2. (4) A horseshoe kidney is present with 


left-sided obstruction. (B) A large triangular 
area of edema is present along the distal as- 
pect of the left half of the interureteric ridge. 
A left distal ureteral calculus is seen. (C) 
Configuration of the edematous area has 
changed on a post-voiding film. 


marginated filling defect in the left side of the 
bladder. Again, the normal right side is seen as 


a lucent bar extending to the right side of the 
bladder. 


Case 11. A young male presented himself to 
the emergency room with acute onset of right 
flank pain and microhematuria. A post-voiding 
supine roentgenogram performed one hour 
after injection of contrast medium shows an 
intense nephrogram on the right and a slightly 
dilated right ureter visible to the lumbosacral 
junction (Fig. 34). A coned view of the bladder 
shows conspicuous nodularity and irregularity 
of the right side of the bladder representing 
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Fic. 3. (4) The right ureter is obstructed and a 
dense right nephrogram is present. (B) The right 
lateral aspect of the bladder is irregular. The right 
half of the interureteric ridge is markedly widened 
(large black arrows) with respect to the left 
(small, vertical arrows). 


marked edema. The associated changes in the 
interureteric ridge (Fig. 3B) present as a vague 
triangular area of radiolucency (large black 
arrows) which is quite wide in comparison to 
the normal left side (small vertical black ar- 
rows). A tiny opaque stone could be seen on the 
right on a preliminary roentgenogram but the 


Jerome J. Cunningham 








NOVEMBER, 1975 


right distal ureter was never filled with contrast 
medium even on delayed studies. 


Case 1v. A middle aged male presented with 
acute right lower abdominal pain and dysuria. 
Urinalysis revealed scanty hematuria. No cal- 
culus was visible on a plain film of the abdo- 
men. Excretory urography showed no abnor- 
mality of either kidney or ureter except for a 
roentgenogram exposed in the erect position 
after voiding (Fig. 4). A large irregular filling 
defect was present in the right side of the blad- 
der. Notably, the right ureter has drained com- 
pletely. At cystoscopy, the right ureteral orifice 
and adjacent interureteric ridge were edema- 
tous. A small ureteral stone was extracted by 
closed manipulation. 


DISCUSSION 


The frequency of visualization of the 
interureteric ridge on routine urographic 
studies is low. This structure is most often 
seen when the urinary bladder is partly 
distended with dilute opaque medium and 
the patient in a supine position. 

Nearly 30 years ago, Edling! pointed out 
that the interureteric ridge was visible in 
about 135 urographic studies he performed 
when multiple views of the bladder were 
obtained using different roentgen-ray tube 


Fic. 4. A large, irregular filling defect is present in 
the right side of the bladder. The right ureter has 
drained completely (erect, post-voiding roentgeno- 
gram). 


Bo 
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angulations. In that paper were published 
five roentgenograms showing changes in 
the ridge due to ureteral calculi similar to 
the preceding cases, although the findings 
are somewhat difficult to appreciate from 
the illustrations presented. We concur with 
Fdling’s! observation that the ridge is very 
difficult to demonstrate in females. Con- 
versely, we have noted a high frequency of 
visualization of the ridge in males with 
anomalies of renal rotation such as horse- 
shoe kidney. 

The illustrative cases have shown that 
roentgenographic changes due to edema 
and inflammation about the ureteral orifice 
and adjacent interureteric ridge are useful 
in the diagnosis of ureterovesical junction 
calculus or operative trauma. This is true 
even when no other urographic abnormali- 
ties are present as in Case tv. In the ab- 
sence of acute symptoms, effacement and 
distortion of the ridge should suggest a 
bladder cancer. 

If the entire interureteric ridge can be 
clearly seen in an individual with a uni- 
lateral non-functioning kidney, the diag- 
nosis of unilateral renal agenesis can be 
confidently excluded; in unilateral renal 
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agenesis, the ipsilateral half of the trigone 
is also absent. 

Differentiation of intrinsic changes in 
the interureteric ridge from other filling 
defects occurring in the urinary bladder 
such as blood clots, calculi, and ureteroceles 
should not be difficult when clinical in- 
formation and standard diagnostic criteria 
have been applied.‘ 


Department of Radiology 
The Bowman Gray School of Medicine 
Winston-Salem, North Carolina 


The author wishes to express his ap- 
preciation to Dr. I. Meschan for his advice 
and assistance. 
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SCHWANNOMAS OF THE CENTRAL 
NERVOUS SYSTEM* 


By J. DANZIGER, D.M.R.D. R.C.P. tonp., R.C.S. enc., M.MED. (RAD.D.) UNIV. CAPE TOWN, 
S. BLOCH, D.M.R.D. univ. EDIN., and H. PODLAS, D.M.R.D. R.C.P. Lonn, R.C.S. ENG. 


JOHANNESBURG, SOUTH AFRICA 


ABSTRACT: 


Isolated schwannomas may occur in many different situations within the central 
nervous system. Most neurilemmomas are benign, and enucleation after longitudinal 
dissection of the nerve will usually affect a cure. It is for this reason that the roent- 
genological appearances should be appreciated and this diagnosis considered so as 


to attempt total surgical removal. 


SOLATED schwannomas form about 

eight percent of all primary intracranial 
tumors, usually occur during the middle 
years of life, and are twice as common in 
females as in males.™! They are extremely 
rare in childhood® and, as in an adult, the 
acoustic nerve is the site of predilection.’ 
Neurinomas of the spinal cord are rela- 
tively common, accounting for about 30 
percent of all spinal tumors.’ 

The purpose of this communication is to 
report the roentgenographic appearances of 
schwannomas occurring in the central 
nervous system. 


CRANIAL NERVE INVOLVEMENT 


This tumor has a tendency to selectively 
affect sensory nerves and arises on a distal 
segment of the root after it has penetrated 
the pia mater. The acoustic nerve is most 
frequently involved, although on occasions 
the tumor has been observed arising from 
the trigeminal nerve. The vagus, glosso- 


pharyngeal and other motor nerves are 
usually involved in the multiple manifesta- 
tion of von Recklinghausen’s disease, but 
as sites for solitary schwannomas are ex- 
tremely rare. 


(A) ACOUSTIC NEURINOMAS 


Acoustic neurinomas account for ap- 
proximately eight percent of all intra- 
cranial tumors and for 80 percent of tu- 
mors of the cerebello-pontine angle. Most, 
but not all, acoustic neurinomas originate 
within the internal auditory canals, pre- 
sumably at the junction between the neuri- 
lemmal sheath arising from the peripheral 
ganglia and the neuroglial fibers extending 
peripherally from the brain stem. The pa- 
tient usually presents with unilateral sen- 
sorineural hearing loss, followed by slight 
dizziness or imbalance and less frequently 
by true vertigo.” 

Roentgenographic evaluation of the in- 
ternal auditory canal is best performed by 





Fic. 1. (4) Tomography of the internal auditory meatus demonstrating widening of the left internal auditory 
canal (7) with shortening of its posterior wall. (B) Posterior fossa cisternogram, shoot through prone/ 
oblique projection, demonstrating non-filling of the left internal auditory canal ( f). 


* From the Department of Radiology, Princess Nursing Home, Johannesburg, South Africa. 
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Fic. 2. (4) Vertebral angiogram, anteroposterior projection with subtraction, demonstrating marked eleva- 
tion of the left anterior inferior cerebellar artery ( t ) around the mass. (B) Posterior fossa cisternogram, 
demonstrating a mass superolaterally in the cerebello-pontine angle. 


tomography where: (a) erosion of the corti- 
cal line surrounding the lumen of the canal; 
(b) widening by 1 to 2 mm of any portion 
of the internal auditory canal in comparison 
to the corresponding segment of the oppo- 
site side; (c) shortening of the posterior 
wall by at least 2 to 3 mm; and (d) shorten- 


= ~ 





ing of the crista falciformis by 1 mm or 
more when compared with the normal side 
(Fig. 14) may be observed. 

Study of the cerebello-pontine cistern 
and of the subarachnoid space within the 
internal auditory canal is performed by 
vertebral angiography (Fig. 24), air studies, 


$ P 


Fic. 3. (4) Pneumoencephalogram, erect lateral projection, showing posterior displacement of the fourth 
ventricle and aqueduct. (B) Myodil ventriculogram, demonstrating similar appearances in another patient. 


694 





Fic. 4. Myodil ventriculogram, brow up antero- 
posterior projection, showing displacement of the 
aqueduct and partially filled fourth ventricle to 
the right. 


and posterior fossa cisternography (Fig. 
2B). When a mass is present, its vertical 
diameter and extension along the postero- 
medial aspect of the petrous bone can be 
evaluated as well as the extent of involve- 
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Fic. 5. Skull, anteroposterior projection, demon- 
strating destruction of the apex of the left petrous 
bone (7). 


ment in the internal auditory meatus (Fig. 
1B). In the study of the internal auditory 
canal with positive contrast medium, in- 
complete filling may occur due to anatomic 
variants or conditions other than a tumor. 
These include the size of the canal, which 
varies from 2 to 10 mm with an average of 
4.5 to § mm, shortening of the meningeal 
sleeve cul-de-sac, and viscosity of the 
myodil, when the canal is relatively small, 
since the size of the neurovascular bundle 
remains constant.'® 

If pneumoencephalography or ventricu- 
lography is performed, this will demonstrate 
the size of the tumor within the cerebello- 





Fic. 6. Left carotid angiogram, (4) Anteroposterior and (B) lateral projections, demonstrating downward, 
forward and medial displacement of the ganglion portion of the carotid siphon. Note the meningohypo- 
physeal artery (Tf). 
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pontine angle, by the extent that the brain 
stem is displaced with related rotation 
(Fig. 3, £ and B; and 4). 


(B) TRIGEMINAL TUMORS 


These are rare and comprise only o.2 per- 
cent of intracranial tumors and occur most 
commonly in the fourth decade.* They 
originate in the gasserian ganglion or tri- 
geminal nerve root and therefore will be 
located in Meckels’ cave or in the cerebello- 
pontine angle. When the tumor increases in 
size, it may become dumbell in shape and 
will then be located in both the middle and 
posterior cranial fossae. These tumors are 
well circumscribed, grow very slowly and 
consequently reach a large size before 
causing sufficient symptoms to require 1n- 
vestigation. 

Their symptomatology is fairly typical 
although the manifestations may be varied 
depending upon the site of origin and direc- 
tion of spread of the tumor.” 

Plain roentgenograms of the skull may 
show destruction of the anteromedial por- 
tion of the petrous apex which is smooth 
and well delineated (Fig. 5). 

With extension of the tumor into the 
middle cranial fossa, carotid angiography 
will demonstrate that the ganglial part of 
the siphon (which is normally located ex- 
tradurally) is displaced forward, downward 
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Fic. 7. Carotid angiogram, lateral arterial phase, 
showing elevation and posterior displacement of 
the proximal portion of the middle cerebral artery 
by a mass. Note the meningohypophyseal ar- 
tery ( ?) supplying the tumor. 


and medially (Fig. 6, 4 and B). There may 
also be elevation of the middle cerebral 
group of arteries, stretching of the anterior 
choroidal artery, and elevation of the basal 
vein of Rosenthal. A tumor circulation may 
be evident, usually deep within the middle 
fossa supplied by the tentorial branch of 
the meningo-hypophyseal artery (Fig. 7). 

Spread of tumor into the posterior cra- 
nial fossa will be shown by elevation of the 
posterior cerebral artery, and destruction 
of the anteromedial portion of the petrous 
apex. 
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Fic. 8. Brain scan, (4) anteroposterior and (B) lateral projections, demonstrating an area of increased 
uptake within the anterior part of the middle cranial fossa (T ). 
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Fic. 9. Tomography of middle cranial fossa, lateral 
projection, demonstrating an area of irregular 
calcification in the right temporal region ( Tf ). 


Radioactive brain scanning may demon- 
strate the situation of the tumor by an area 
of increased uptake lying deep within the 
middle cranial fossa (Fig. 8, 4 and B). 


INTRACEREBRAL SCHWANNOMA 


Parenchymatous schwannomas of the 
brain are rare.!® As far as we are aware, 
only two other documented reports of in- 
tracerebral schwannomas have been pub- 
lished.*" Our patient complained of epi- 
sodes of uncontrollable behaviour of which 
he had no recollection. Roentgenograms of 
the skull showed an area of calcification in 
the right temporal region and slight en- 
largement of the right middle cranial fossa. 
Tomography confirmed the presence of a 
well defined area or irregular calcification 
in the right middle fossa (Fig. 9). Pneumo- 
encephalography showed a cap of air sur- 





Fic. 10. Pneumoencephalogram, showing air in the 
right temporal horn above an area of calcification 
( T) located in the pes hippocampi. 
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rounding the area of calcification suggesting 
that the latter lay in the pes hippocampi 
(Fig. 10). Right carotid angiography dem- 
onstrated slight asymmetry of the middle 
cerebral arteries, the knee of the right 
middle cerebral artery being displaced 
medially. No tumor circulation was dem- 
onstrated. The mass was removed surgi- 
cally from the temporal lobe and histo- 
logically proved to be a schwannoma. 


SCHWANNOMA ARISING WITHIN THE 
PITUITARY FOSSA 


To the best of our knowledge, a schwan- 
noma arising within the pituitary fossa has 
not been previously reported. This patient 
presented with a history of headaches and 
progressive blindness. 

This tumor produced destruction of the 
pituitary fossa, extending upward to ele- 
vate and encroach onto the optic nerves 
and downwards into the sphenoid sinus 
and nasopharynx. Lateral extension of the 
tumor produced occlusion of both carotid 
arteries by direct involvement as well as 
destruction of the right petrous temporal 
bone (Fig. 11; and 12, 4). The tumor 
was surgically visualized and histologically 
proved. 


ORBITAL SCHWANNOMAS 


A schwannoma occurring within the or- 
bit is considered to be a rare tumor.® This 





ae o 
Fic. 11. Pneumoencephalogram, demonstrating an 
intrasellar mass extending superiorly (open arrow). 
Note the destruction of the pituitary fossa, ob- 
literation of the sphenoid sinus and extension into 
the nasopharynx (7). 
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Fic. 12. Bilateral carotid angiogram, lateral arterial phases, demonstrating occlusion of both internal carotid 
arteries as far as the carotid siphon. The intracranial circulation on the left is filling via the vertebro- 
basilar system by means of collateral circulation in the neck. 





is a localized, encapsulated, usually benign pressure on the optic nerve.!° This tumor 
nerve sheath tumor growing slowly without may be very vascular, supplied by an en- 
distinctive clinical features. It can cause larged ophthalmic artery, and well demon- 
exophthalmos and blurring of vision by strated on carotid angiography (Fig. 13, 4 





Fic. 13. Selective left internal carotid angiogram with subtraction, (4) arterial and (B) venous phases, dem- 
onstrating an enlarged ophthalmic artery supplying a vascular tumor within the superior part of the or- 


bit (7). 
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Fic. 14. Lumbar spine, (4) lateral and (B) anteroposterior projections, demonstrating scalloping of the 


posterior margin of a lumbar vertebra produced by a schwannoma originating within the spinal canal ( f ). 
Note that the adjacent pedicle is thinned inferiorly and medially. 


and B). Venography may aid in defining 
the situation of the mass lesion within the 
orbit, but gives no indication as to its pa- 
thology. If the intra-orbital pressure is sig- 
nificantly elevated, there may be non- 
visualization of the superior ophthalmic 





Fic. 15. Myelography in three patients, showing 


vein on the involved side. 

Recurrence of the tumor after total ex- 
cision is uncommon but does occur. This is 
considered to be due to residual elements 
of tumor remaining after surgery rather 
than due to malignant change. 








the typical cap deformity of intradural neurinomas. 
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SPINAL NEURINOMAS 


These tumors may be situated at any 
point along the long axis of the spinal cord 
or cauda equina. Since these tumors origi- 
nate from the nerve sheath, they may be 
situated extradurally, intradurally, or have 
an element which is situated both extra and 
intradurally. 


(A) INTRADURAL NEURINOMAS 


These are in direct contact with the con- 
trast medium. Hence, they are sharply out- 
lined by the dye as clear cut cap defects 
(Fig. 15). This is their most common char- 
acteristic feature." As they arise from the 





Fic. 16. Thoracic myelogram, anteroposterior pro- 
jection, demonstrating an extradural displacement 
of the contrast column at T2 (7). 
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Fic. 17. Cervical myelogram, oblique projection, 
demonstrating the intradural component of a 
dumbbell schwannoma at C3/C4. Note the en- 
larged intervertebral foramen (Tf ). 


nerve roots, they tend to lie to one side of 
the midline and displace the cord to the 
contralateral side. Those that occupy a 
more central position during their growth, 
either in front of or behind the spinal cord, 
displace the cord in a sagittal direction. 
This results in an anteroposterior compres- 
sion of the cord, causing an increase in its 
coronal diameter. The block produced by 
such a tumor will be indistinguishable from 
that produced by an intramedullary tumor 
in the anteroposterior projection. A lateral 
projection will, however, reveal the rela- 
tionship of the tumor to the spinal cord. 
The symptomatology varies according to 


7OO 





Fic. 18. Vertebral angiogram, lateral projection, 
demonstrating anterior displacement of the verte- 
bral artery by a schwannoma. 


the situation of the tumor in the spinal 
canal! 

Plain roentgenograms are helpful only in 
approximately 30 percent of cases.? The 
most frequent primary roentgenographic 
finding is enlargement of the adjacent in- 
tervertebral foramen due to pressure ero- 
sion produced by growth of the tumor 
along the axis of the root through the 
foramen. This area of constriction at the 
foramen causes the tumor to be dumbbell 
in shape, and thus produces pressure ero- 
sion of the adjacent bone. Widening of the 
spinal canal with indentation into the dor- 
sal aspect of the related vertebral body 
may also be observed (Fig. 14, 4 and B). 
Diagnostic accuracy is in the region of 98 
percent with myelography.? The myelo- 
graphic appearances will vary depending 
upon whether the tumor is situated extra- 
or intradurally: intradural tumors situated 
below the level of the spinal cord may 
cause displacement of the nerve roots of 
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the cauda equina if eccentrically situated. 
If the tumor is centrally located a central 
cap-shaped defect 1s produced. Neurinomas 
in this region attain a large size and produce 
featureless total blocks.‘ 


(B) EXTRADURAL NEURINOMAS 


Like other extradural tumors, these dis- 
place the arachnoid from the pedicles, pro- 
ducing a lateral indentation on the contrast 
column with or without complete obstruc- 
tion, depending on the size of the tumor 


(Fig. 16). 
(C) INTRA AND EXTRADURAL NEURINOMAS 


The myelographic pattern is influenced 
by the size of each component of the dumb- 
bell tumor (Fig. 17). The intradural por- 
tion generally produces the typical cap de- 
formity with displacement of the spinal 
cord. The extradural part can be discerned 
only if there is a lateral indentation on the 
side of the tumor in addition to the cap 
defect. This will be evident if the extradural 
part is of sufficient size and is intraspinally 
located. 

When the schwannoma is situated in the 
cervical region, vertebral angiography is 
valuable in defining the extent of the an- 
terior and medial displacement of the ver- 
tebral artery by the tumor, since this may 
not be evident from the size of the enlarged 
intervertebral foramen (Fig. 18). 


J. Danziger, M.D. 
Department of Radiology 
Princess Nursing Home 
Esselen Street 

Hillbrow 2001 
Johannesburg, South Africa 
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THE NEURORADIOLOGIC EVALUATION OF 
“OPTIC NEURITIS 
By HARVEY L. LEVINE, M.D.,t ERNEST J. FERRIS, M.D.,t SIMMONS LESSEL, M.D..,§ 
and EDWARD L. SPATZ, M.D.|| 


BOSTON, MASSACHUSETTS 


ABSTRACT: 


Optic neuritis, even when clinically typical, cannot be diagnosed with certainty 
because mass lesions compressing the anterior visual pathways may mimic it. The 
radiologist is in a position to assist in identifying such lesions or in ruling them out 
and thus preventing surgical exploration. While every patient in whom the diagnosis 
of optic neuritis is entertained should have plain roentgenograms of skull, orbits 
and optic canals, we have developed a schema for detailed neuroradiologic investiga- 
tion based on clinical and plain roentgenographic findings. A classification of such 


lesions by location is illustrated. 


T term optic neuritis should be re- 
served for the designation of acute in- 
flammatory or demyelinating disorders of 
the optic nerve. Many cases are due to mul- 
tiple sclerosis, but most are cryptogenic. 
The characteristic features are listed in 
Table 1. The patient is usually young, be- 
tween 15 and ṣo years. Typically, the con- 
dition is heralded by retro-ocular pain or 
pain on eye movement. After an interval of 
hours to days, the patient notices impaired 
visual acuity in one eye. The vision then 
fails progressively over a period of days and 
usually plateaus at a level of 20/200 or 
worse. Examination generally shows a cen- 
tral scotoma, impaired ability to perceive 
colors, tenderness on palpation of the globe, 
and either a normal optic disk (retrobulbar 
neuritis, the lesion being at a distance from 
the globe) or mild disk swelling (papillitis, 
the lesion being close to the globe). A pale 
disk may be present if the disorder is re- 
current. There is impairment of pupillary 
constriction to direct light stimulus; the 
pupil of the involved eye may constrict 
when stimulated directly, but dilates again 
if the stimulus is continued (Marcus Gunn’s 
pupil sign). In red-free light it may be 


possible to identify gaps in the nerve fiber 
layer of the retina adjacent to the disk.® 
Even without treatment, most patients re- 
cover completely, or nearly so, over a 
period of weeks or months. Pallor of the 
nerve may be the only souvenir of the dis- 
order. A hereditary form of optic neuritis 
(Leber’s hereditary optic neuropathy) may 
cause confusion; patients with this disease 
tend not to recover, there is usually a 
family history, and there are ophthalmo- 
scopic and fluorescein angiographic findings 
that may assist in arriving at the correct 


TABLE I 


CHARACTERISTIC FEATURES OF OPTIC NEURITIS! 16:17:19 





— 


. Patient aged 15 to 50 

. Rapid progression, maximal visual loss within 2 
weeks 

. Severe visual loss 

. Pain on eye movement or tenderness of the globe 

. Marked improvement commencing within weeks 
without therapy 

. Central, paracentral, or arcuate scotoma 

. Afferent defects in pupillary motility 

. Impaired color perception 

. Normal fundus (retrobulbar neuritis) or disk 
edema (papillitis) 
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Fic. 2. Case 11. (4) Hyperostosis of greater and lesser sphenoid wings on the right (arrow). (B) Irregular 
narrowing of internal carotid artery siphon due to encasement by sphenoid wing meningioma. 


ence of simultaneous bilateral involvement, 
was marked by prompt and complete re- 
covery. 


Case 1v. R.L. (Hospital #497441), a 26 year 
old man, consulted an ophthalmologist because 
of painless visual failure in the right eye— 
“things look darker.” He had normal visual 
acuity bilaterally, but the right optic disk was 
swollen and there was a right Marcus Gunn 
pupil sign. Vision failed slowly, and serial tests 
for visual acuity showed a drop to 20/25 in 
the right eye. He was referred to our institution 
for evaluation of right optic neuropathy” a 
year and a half after initial symptoms. At that 
time visual acuity was 20/25 on the right and 
20/15 on the left. Impaired color vision was de- 
tected on the right, and he had disk edema in 
the right eye. There was no exophthalmos, but 
a suggestion of increased resistance to retro- 
displacement of the globe (“tight orbit”) was 
noted. He had an irregular concentric field loss. 
An iris abnormality sometimes seen in neuro- 
fibromatosis was present. Neurologic evalua- 
tion was normal. 

Plain skull, orbit, and optic canal roentgeno- 
grams, optic canal tomograms, and orbital 
venography were normal. Carotid angiography, 
using subtraction and magnification techniques, 
disclosed tumor vessels derived from branches 
of the ophthalmic artery and a homogeneous 
tumor stain along the course of the optic nerve 
persisting into the venous phase (Fig. 4, 4-C). 
The height of the lateral segment of the second 
portion of the ophthalmic artery was 8 mm 
(upper limits of normal 7 mm),!® suggesting 





# 
Bi 
Fic. 3. Case 11. (4) The arrows outline this supra- 
sellar calcified craniopharyngioma delineated by 
peripheral curvilinear calcification. Clumps of cal- 
cium are also present and the dorsum sellae is 
markedly truncated. (B) At pneumoencephalog- 
raphy a large lobulated mass is demonstrated 
(arrows) indenting the floors of the anterior horns 


of both lateral ventricles and obliterating the an- 
terior portion of the third ventricle. 
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enlargement of the optic nerve or its sheath. 
The findings were characteristic of an optic 
nerve sheath meningioma. No evidence of intra- 
cranial tumor was present. Ultrasonography 
corroborated the presence of a mass around the 
nerve. Currently, the patient is being observed 
because of his relatively intact visual acuity 
and the possibility of blindness resulting from 
removal of such a tumor. 


Case v. L.W. (Hospital #493909), a 64 year 
old woman was found on routine ophthalmo- 
logical examination to have impaired visual 
acuity in the right eye. On subsequent exam- 
inations, further reduction in acuity and a 
centrocecal scotoma (a scotoma extending 
from fixation to the blind spot) was found. 
Upon referral to our institution, it was noted 
that the visual acuity was 20/40 in the right 
eye and 20/25 on the left. A right Marcus Gunn 
pupil sign and impaired color vision on the 
right were present as well as right disk pallor 
on funduscopic examination. A centrocecal 
scotoma was present in the right visual field, 
the left being normal. No neurologic abnormali- 
ties were detected. 
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Fic. 4. Case 1v. (4) Arrows point to tumor vessels 
derived from the opthalmic artery appearing in 
the mid-arterial phase of the series. (B) A 
homogeneous tumor blush along the course of 
the optic nerve in the venous phase of the arterio- 
gram is indicated by the arrows. (C) An antero- 
posterior view of tumor stain about the optic 
nerve (seen as a linear lucency within the stain) 
is emphasized by arrows. This again is the venous 
phase. 


Plain roentgenograms of the skull and optic 
canals were normal as was tomography of the 
optic canals axially. Brain scan was normal. 
Angiography (Fig. 5) demonstrated an aneu- 
rysm of the supraclinoid portion of the right 
internal carotid artery with no other abnormal- 
ities. Because of the location of the aneurysm it 
was felt that it led to compression of the optic 
nerve by displacing the carotid artery which, in 
turn, compressed the nerve. 


Comment. Slow progression was the ma- 
jor feature of this patient’s presentation 
which led to further investigation. The ab- 
sence of clinical or roentgenologic findings 
pointing to the orbit, and the normal 
tomographic evaluation of the optic canals 
led to an intracranial search for a suspected 
compressive lesion. 


Case vi. B.Z. (X-ray #127839), a 68 year old 
woman who had been followed by an ophthal- 
mologist for five years for a refractive problem, 
was found to have disk swelling and subnormal 
vision in the left eye; she was asymptomatic. 
The ophthalmologist recorded slow progres- 
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sion of the visual deficit and recommended addi- 
tional evaluation with the patient refused. 
Borderline diabetes was later found and her 
optic nerve impairment was attributed to dia- 
betic neuropathy. Two years later, the patient 
first noted subjective visual impairment on the 
left and was referred to our institution. Visual 
acuity was normal on the right and 20/200 on 
the left. There was a left Marcus Gunn pupil 
sign. Funduscopic examination showed a pale, 
elevated left disk. Orbital resiliency was nor- 
mal and proptosis absent. 

Plain roentgenograms and optic canal tomo- 
grams were obtained initially. These demon- 
strated enlargement of the left optic canal with 
slightly thickened cortical margins (Fig. 64) 
and hyperostosis of the anterior clinoid as well 
as faint curvilinear calcification about the optic 
nerve within the canal (Fig. 68), findings 
typical of meningioma. The patient has refused 
further evaluation. 


Comment. This patient demonstrated 
gradual progression and a pale elevated 
disk, features indicating strongly the need 
for evaluation for a compressive lesion. The 
presence of disk swelling unassociated with 
evidence of an orbital mass suggested a 
strategic location, the optic canal. A menin- 
gioma was considered a strong possibility 
on clinical grounds both because of the 
slow progression and because meningiomas 





Fic. 5. Case v. Arrows point to an aneurysm arising 
from the supraclinoid portion of the internal 
carotid artery. 


The Neuroradiologic Evaluation of “Optic Neuritis” 


797 





Fic. 6. Case vi. (4) Hypocycloidal tomogram per- 
pendicular to the axis of the optic canal demon- 
strating enlargement of the posterior portion of 
the canal with increased thickness and density of 
its walls (arrows). (B) The cranial end of the optic 
canal, just posterior to 4, showing faint calcifica- 
tion about the optic nerve within the canal (lower 
arrow) and hyperostosis of the anterior clinoid 
process (upper arrow). 


of the sphenoid wing or optic canal can 
seed along the optic nerve closer to the 
globe, producing disk swelling without a 
mass effect.’ !? 


Case vit. P.K. (Hospital #480195), a 16 year 
old boy, was found on a routine school visual 
test to have impaired vision in the left eye; 
previous examinations had been normal. Just 
prior to the examination, he had become aware 
of impaired vision in that eye. He had no other 
physical or neurological symptoms. He was 
referred to our institution. His visual acuity 
was 20/20 on the right and 20/50 on the left. 
There was a Marcus Gunn pupil sign on the 
left. Visual field testing showed a defect involv- 
ing mainly the superior temporal quadrant of 





Fic. 7. Case vir. (4) Midline hypocycloidal pneumo- 
tomogram in the brow-up position and lateral pro- 
jection demonstrating a suprasellar lobulated mass 
(arrows) outlined br air in the basal cisterns and 
by the indented anterior aspect of the third ven- 
tricle. The uppermost posterior arrow indicates 
a nodular excrescence of this tumor. (B) On this 
anteroposterior brow-up hypocycloidal pneumo- 
tomogram, the arrows outline the suprasellar mass 
which is seen to extend more to the left of the mid- 
line than to the right. 


the left eye but with extension into the inferior 
quadrant. Testing with smaller test objects 
detected an inconstant area of impaired vision 
in the superior temporal quadrant of the right 
eye. The funduscopic examination showed 
questionable pallor of the left optic disk com- 
pared with the right. Plain roentgenograms of 
the skull and optic canals and an isotope brain 
scan were normal. Clinical examination one 
month later showed no changes. 
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Pneumoencephalography demonstrated a 
large, somewhat lobulated suprasellar mass 
indenting the anterior aspect of the third 
ventricle, extending more to the left of the 
midline than the right, and separated from the 
soft tissue contents of the sella by air outlining 
the undersurface of the mass (Fig. 7, 4 and B). 
Carotid angiography was normal except for dis- 
placement of the anterior choroidal arteries 
laterally. The patient refused treatment and 
has been lost to follow-up. 


Comment. The findings prompting evalu- 
ation for a compressive lesion in this boy 
were the presence of a temporal field loss in 
the symptomatic eye and the suggestion of 
a second temporal field loss in the opposite 
eye together with the lack of improvement. 
Bitemporal field defects indicated a lesion 
affecting the chiasm and directed the in- 
vestigation to this region. 


Case vin. L.L. (Hospital #492786), ag year 
old girl, was found on a routine school visual 
examination to be blind in the left eye. Her 
ophthalmologist noted disk pallor in that eye 
and had her evaluated at a local hospital for a 
possible compressive lesion; routine roentgeno- 
grams and a pneumoencephalogram were nor- 
mal. Follow-up examination three years later 
showed that the pale left optic disk was now 
elevated. The patient was re-evaluated, and 
calcification was noted in the region of the left 
optic canal; brain scan, pneumoencephalogram, 
and carotid arteriogram were interpreted as 
normal. She was subsequently referred to our 
institution for evaluation. Ophthalmological 
examination disclosed no light perception in the 
left eye and a pale elevated left optic disk. No 
exophthalmos was present, but the orbit was 
tight when compared with the right. Neuro- 
logical examination was normal. Plain roent- 
genograms and optic canal axial tomograms 
showed enlargement of the left optic canal 
throughout, with a dense circle of calcification 
about the optic nerve (Fig. 8, 4 and B); the 
calcification extended beyond the orbital end 
of the canal. Carotid arteriography demon- 
strated tumor vasculature in the orbit, derived 
from the ophthalmic artery, demonstrating the 
orbital extension of the tumor (Fig. 8C). A 
pneumoencephalogram, including pneumoto- 
mographic films, showed no intracranial exten- 
tion (Fig. 8D). The plain roentgenograms and 
tomographic findings were typical of optic 
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Fic. 8. Case vin. (4) A plain roentgenogram of the optic canal showing calcification (arrows) projected in 
the region of the canal. (B) This hypocycloidal tomographic section of the midportion of the optic canal 
defines dense calcification within the canal about the optic nerve. (C) Tumor vasculature arising from the 
ophthalmic artery (arrows) demonstrates orbital extension of the optic canal meningioma seen in B. 
(D) Pneumoencephalography showed no evidence of intracranial extension. The arrow indicates absence 
of soft tissue mass within the suprasellar cistern. 
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canal meningioma, and the arteriographic and 
pneumoencephalographic studies (undertaken 
to determine any orbital or intracranial extent 
of the tumor) demonstrated only orbital ex- 
tension. 


Comment. The elevation of the atrophic 
disk together with the finding of a tight 
orbit indicated the presence of orbital in- 
volvement in a patient with plain roent- 
genographic findings of a perioptic menin- 
gioma in the optic canal. 

Case 1x. M.H. (Hospital #479049), a 15 year 
old girl, noted the onset of poor vision in the 
left eye. Eleven months later, she consulted an 
optometrist who was unable to correct her 
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vision with glasses. She was ultimately referred 
to our institution because of a suspected com- 
pressive lesion. Her visual acuity was 20/20 on 
the right and 20/25 on the left. Impaired color 
perception and a Marcus Gunn pupil sign were 
noted on the left. The left disk was pale, and 
the visual field examination disclosed an inferior 
field loss in that eye “breaking out” to the 
periphery. Accordingly, plain roentgenographic 
studies were obtained demonstrating marked 
enlargement of the intracranial end of the left 
optic canal with erosion of the left side of the 
tuberculum (Fig. 9, 4-C). Pneumotomography 
demonstrated only a small intracranial mass, 
the rest of the optic nerve being normal up to 
the chiasm (Fig. 9D), which was also normal. 
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Fic. 9. Case 1x. (4) A Caldwell projection plain skull roentgenogram detecting marked enlargement of the 
optic canal with erosion of the left side of the tuberculum. The combined erosion is outlined by arrows. 
(B) A lateral roentgenogram depicting combined erosion of the left portion of the tuberculum and en- 
largement of the optic canal intracranially (arrows). The anterior clinoid process on that side is eroded 
from below. (C) Standard plain roentgenogram of optic canal showing the massively enlarged intra- 
cranial end (lower arrows) and the almost normal orbital end (slightly enlarged), indicated by the upper 
arrow. (D) The intracranial extension of the optic glioma (lower two arrows) is well seen on the brow-up 
anteroposterior pneumotomogram. The upper arrow indicates the more normal proximal portion of the 
optic nerve (partially merged with the shadow of the carotid artery). 


The findings, clinical and roentgenological, are 
typical of optic nerve glioma. 


Comment. A compressive lesion was sus- 
pected because of the persistence of the 
visual defect and the disk pallor. Plain 
roentgenograms made the diagnosis clear 
and directed the further investigation to 
the intracranial region, as did the absence 
of clinical evidence of an orbital mass. 


DISCUSSION 


Compressive lesions of the anterior visual 
pathway, particularly early in their course, 
can mimic optic neuritis. The typical pre- 
sentation of a compressive lesion is one of 


painless, gradually progressive visual loss 
with the ultimate development of optic 
atrophy. The time necessary for disk pallor 
to appear is probably proportional to the 
distance of the lesion from the globe. The 
visual field loss may be central when the 
optic nerve is involved and bitemporal with 
involvement of the chiasm. However, a 
great variety of other visual field changes 
can be seen depending upon the precise lo- 
cation and nature of the lesion. 

In the orbit, masses often indicate their 
presence by producing proptosis. When 
such masses are outside the muscle cone, 
proptosis is typically eccentric and occurs 
before significant visual loss has taken 
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place. Masses within the muscle cone, how- 
ever, are in an excellent position to com- 
press the optic nerve before the onset of 
proptosis. Lesions of this type can produce 
swelling of the optic disk, the degree and 
frequency of swelling depending in part 
upon the proximity of the lesion to the 
globe. Lesions confined to the optic canal 
and intracranial lesions tend not to produce 
disk swelling except in those rare cases of 
meningioma where there is direct seeding 
along the optic nerve. This mechanism may 
be responsible for disk swelling in some 
meningiomas of the sphenoid wing and 
optic canal.*" Thus a normal disk, pale 
disk, or swollen disk may be seen in com- 
pressive optic neuropathies as in optic 
neuritis. Intracranial lesions may produce 
neurological or endocrinological abnormali- 
ties, but very often visual dysfunction is 
the first and only symptom. The loss of 
visual acuity is usually mild at the onset, 
subjective dysfunction being more promi- 
nent. The course is one of slow progression 
with only isolated instances of periods of 
improvement. Nevertheless, sudden cata- 
strophic visual loss due to hemorrhage, 
edema, or shift in position of the mass can 
occur, producing remarkable similarity to 
optic neuritis. Patients may also experience 
transient improvement if treated with 
corticosteroids, further mimicking optic 
neuritis. 

The physician confronted with patients 
with cryptogenic optic neuritis must at- 
tempt to detect compressive lesions while 
vision is still salvageable, but must temper 
his zeal lest patients be exposed to unneces- 
sary risk and expense. The following seems 
to us a rational approach to this problem. 
Plain roentgenograms of the skull, orbits, 
and optic canals should be obtained in all 
cases. Further roentgenologic evaluation is 
predicated on the presence of abnormalities 
on these examinations or on the presence of 
findings listed in Table 11. 

A gradual onset and slow progression 
under observation strongly suggest com- 
pression, and dictate thorough evaluation. 
When a disk is pale and elevated and vision 
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is impaired, ischemicneuropathy and nerve 
compression are the only considerations. In 
a young person without vasculitis, a com- 
pressing lesion must be ruled out. Atypical 
visual field loss is always a matter for con- 
cern, but certain patterns warrant investi- 
gation. Involvement of the optic chiasm 
strongly suggests a compressive lesion be- 
cause of the infrequency of chiasmal in- 
volvement by optic neuritis or ischemia. 
Indications of chiasmal involvement in- 
clude bitemporal visual loss, monocular 
temporal defects, and involvement of the 
temporal field of the opposite eye in the 
presence of a central loss or total visual loss 
in the eye with the major manifestations. 
Indications of an orbital mass include 
parallel retinal folds (produced by a mass 
close enough to the globe to indent it) and 
the presence of increased resistance to ret- 
rodisplacement of the globe (“tight orbit”). 
These findings dictate further evaluation. 
Neurologic abnormalities should be sought 
and, when present, require prompt, thor- 
oügh evaluation. These include extraocular 
muscle palsies, frontal lobe symptoms and 
signs, anosmia due to olfactory tract in- 
volvement, and papilledema in the opposite 
eye with optic atrophy in the involved eye 
(Foster-Kennedy syndrome). Hypothalamic 
dysfunction should alert one to the pres- 
ence of a mass arising from or impinging 
upon this region. Endocrinologic abnor- 


TABLE III 


FINDINGS INDICATING THE NEED 
FOR FURTHER INVESTIGATION 


1. Gradual progression 
2. Temporal visual field defects (unilateral or bi- 
lateral) 

3. Atrophic disk which is elevated 

4. Retinal folds when there is little or no disk swell- 

ing 

“Tight orbit” 

. Proptosis 

Bruit 

. Associated neurologic or endocrinologic findings 

. Systemic disorders known to be associated with 
compressive lesions (neurofibromatosis, bone 
dysplasias) 
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TaBLe IV 


COMPRESSIVE LESIONS?®'!3 


1. Orbit—within muscle cone 
a. Meningioma 
b. Optic glioma 
c. Miscellaneous 
1. Cysts (dermoid, epidermoid) 
2. Metastasis 
3. Orbital ophthalmic artery aneurysm 
4. Hemangioma 
5. Lymphangioma 
6. Sarcoma 
7. Benign connective tissue tumors 
. Optic canal 
. Meningioma 
. Optic glioma 
. Metastasis 
. Hyperostotic narrowing 
1. Chronic inflammation 
2. Paget’s disease 
3. Fibrous dysplasia 
4. Osteopetrosis 
5. Miscellaneous bone dysplasias 
e. Bone tumors 
e.g., eosinophilic granuloma 
f. Ophthalmic artery aneurysm 
g. Invasion by intracranial cysts and neoplasms 
. Intracranial 
a. Masses arising from sella, sphenoid bone, 
sphenoid sinus 
. Pituitary adenoma 
Craniopharyngioma, cysts 
Carcinoma 
Metastasis 
Chordoma 
Chondroma, osteochondroma 
. Mucocele 
. Meningioma 
Craniopharyngioma 
. Aneurysm, arterial ectasia 
. Optic nerve or optic chiasm glioma 
Enlarged third ventricle 
(displaced or midline) 
. Frontal lobe tumor 
Metastasis 
Meningeal carcinomatosis, sarcomatosis, and 
lymphomatosis 
Ectopic pinealoma 
. Hypothalmic tumor 
l. Chiasmal arachnoiditis 
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malities indicative of pituitary or pituitary 
stalk impairment are of similar importance. 
Finally, one’s suspicion should be aroused 
in the presence of systemic disorders known 
to be associated with lesions which can 
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compress the optic nerves. The most im- 
portant entity in this category is neuro- 
fibromatosis in which neurofibroma, menin- 
gioma, and optic glioma are considerations. 
Bone dysplasias, particularly Paget’s dis- 
ease and fibrous dysplasia, may be asso- 
ciated with optic canal narrowing and optic 
nerve compression. 

Having been persuaded by one or more 
of these factors to investigate the patient 
further, roentgenologic and allied disci- 
plines are called upon. The investigative 
tools include: plain roentgenograms; to- 
mography; ultrasonography; isotope scan- 
ning; orbital and cavernous sinus venogra- 
phy; arteriography; pneumotomography; 
and the more recently developed computer- 
ized tomography.’ We have not used posi- 
tive contrast orbitography. The decision as 
to what methods shall be used 1s deter- 
mined by the suspected site of the compres- 
sive lesion. For this reason, we have di- 
vided compressive lesions into three cate- 
gories by location: orbital; within the optic 
canal; and intracranial. Table 1v lists most 
of the compressive lesions to be found in 
each location. 

The findings on clinical examination and 
plain roentgenograms (skull, orbits, optic 
canals) which direct the examination to 
one of these three areas are listed in Table 
v. Disk swelling indicates a lesion lying 
somewhere from the optic canal to the 
globe, the closer to the globe the greater 
the likelihood and degree of swelling. The 
one exception to this is the meningioma 
which can, on occasion, arise on the sphe- 
noid wings and seed along the optic nerve 
as noted previously. A “tight orbit” (in- 
creased resistance to retrodisplacement of 
the globe) can be due to a mass within the 
orbit. Sphenoidal meningioma can be an 
exception if it produces enough hyperosto- 
sis to give a tight orbit. The plain roent- 
genograms in such cases will reveal hyper- 
ostosis. Parallel folds in the retina suggest a 
mass indenting the eyeball. Abnormal plain 
roentgenograms, including calcifications and 
hvperostosis of bone at the orbital apex, 
can be seen in meningiomas of the orbit. 
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Occasionally, enlargement of the orbital 
end of the optic canal is present. Destruc- 
tive bone changes may be present in meta- 
static orbital lesions (without exophthal- 
mos) and with meningiomas. 

Evaluation of orbital lesions includes or- 
bital tomography and tomography of the 
optic canals. At our institution optic canal 
tomography is performed by hypocycloidal 
motion with films taken at 1 mm intervals 
along the axis of the optic canal. The pa- 
tient is in the supine position. The head is 
rotated 37 degrees away from the side 
being examined, and the chin elevated so 
that the orbitomeatal line makes an angle 
of 20 to 30 degrees with the vertical. Both 
sides are examined. We believe that this is 
the easiest method for evaluating the en- 
tire extent of the canal at all levels. The 
orbital end of the canal is oval with the long 
axis vertically oriented, the intracranial 
end oval with the long axis horizontal, and 
the central portion round. Symmetry is im- 
portant, greater than I mm difference be- 
tween the two sides being significant. En- 
largement of the orbital end of the canal 
may be present in lesions of the optic nerve 
located posteriorly in the orbit. Ultrasonog- 
raphy for orbital masses has become quite 
useful and has been of great assistance in 
some of our cases. Computerized tomogra- 
phy? shows considerable promise also in the 
evaluation of orbital masses. Both of these 
modalities, being noninvasive techniques, 
will become important methods of both 
screening and diagnosis as they become 
more widely available. Isotope scanning is 
allegedly useful in evaluating orbital lesions 
but has not proved useful in detecting small 
orbital lesions in our experience. Orbital 
venography, performed quite easily in most 
cases, is done at our institution via injection 
of a forehead superficial vein using 8 to 
10 cc of water soluble contrast medium. 
Orbital venography has been of great as- 
sistance in evaluating orbital lesions in gen- 
eral, especially masses within the muscle 
cone where the superior ophthalmic vein 
runs along the superolateral margin of the 
optic nerve. We have obtained quite satis- 
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TASLE V 


LOCALIZING FINDINGS 














1. Orbit 
a. Disk swelling 
b. Retinal folds 
c. “Tight orbit” 
d. Proptosis 
e. Abnormal plain roentgenograms 
1. Calcifications 
2. Hyperostosis 
3. Bone destruction 
4. Abnormal orbital end of optic canal 
. Optic canal 
. Disk swelling without tight orbit 
. Unilateral optic atrophy without other findings 
c. Known bone dysplasia 
d. Abnormal plain roentgenograms—essentiall y 
the same as for orbital lesions 
3. Intracranial 
a. Bilateral visual impairment or bilateral visual 
field defects 
b. Temporal field loss, unilateral or bilateral 
Optic atrophy or normal disk 
. Neurologic or endocrinologic findings 
. Abnormal plain roentgenograms 
1, Sellar enlargement or erosion 
2. Calcifications 
3. Hyperostosis 
4. Bone destruction 
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factory examinations via forehead vein in- 
jection using a scalp vein needle and 8 to 
10 cc of renografin 60 percent. Serial film- 
ing in the lateral, submentovertical, and 
anteroposterior projections (the latter with 
the chin extended) are obtained and sub- 
traction technique used for each projection. 
Angular vein puncture and bilateral in- 
ternal jugular vein catheterizations are al- 
ternative routes. The ophthalmic vein is 
divided into three portions," the third di- 
vision running within the muscle cone and 
passing through the superior orbital fissure 
to join the cavernous sinus. Excellent dis- 
cussions of technique and interpretation are 
available in the literature.4"! 

Carotid arteriography for orbital lesions 
is usually performed via the femoral route 
at our institution because of ease in po- 
sitioning the patient for filming; the same 
projections are obtained as used in orbital 
venography. Magnification and subtraction 
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techniques are invaluable. The ophthalmic 
artery and its branches within the muscle 
cone are of central interest in lesions pri- 
marily affecting the optic nerve. Anatomy 
and discussion of pathologic alterations 
have been well discussed in the current 
literature.!!.!8 

Lesions of the optic canal portion of the 
optic nerve must be considered possibilities 
in all cases of disk edema without evidence 
of an orbital mass (exophthalmos, tight 
orbit). Disk pallor likewise requires in- 
vestigation of the optic canal region since 
atrophy occurs earlier with lesions of the 
canal than with intracranial lesions. 

Finally clinical or roentgenologic evi- 
dence of bone dysplasia (Paget’s disease, 
fibrous dysplasia, and others)" should di- 
rect attention to this region in patients 
with visual impairment. Plain roentgeno- 
grams will confirm such a lesion involving 
the optic canal region and tomography will 
demonstrate the actual narrowing of the 
canal. 

Tomography, perpendicular to the axis 
of the optic canal, should be obtained 
whenever a compressive lesion 1s suspected, 
since orbital and intracranial lesions may 
alter the canal (at their respective ends) as 
will intrinsic lesions of the canal. The other 
examination of use in evaluating lesions of 
the optic canal is internal carotid angiog- 
raphy with magnification and subtraction 
techniques. In this location, the ophthalmic 
artery courses within the canal along the 
inferolateral aspect of the optic nerve and 
may show compression or encasement by 
lesions. Furthermore, orbital and intra- 
cranial extension of lesions may be detected 
in this fashion. Such extension, suspected 
by involvement of one end of the canal, 
should direct the physician toward pro- 
cedures for evaluating that region. Some- 
times orbital, optic canal, and intracranial 
regions must all be investigated in lesions 
located in this junctional area. 

Intracranial roentgenologic 1 investigation 
for suspected compressive lesions is indi- 
cated when the disk is pale but not elevated 
and when the disk is normal (the farther 
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the lesion from the globe, the greater the 
delay in the appearance of atrophy). 
temporal field loss (unilateral or bilateral) 
indicates intracranial localization close to 
or involving the chiasm. Bilateral visual 
loss logically indicates intracranial search 
for a single lesion; however, perioptic me- 
ningiomas in the region of the optic canal 
may be bilateral? and bone dysplasias can 
produce bilateral involvement (plain roent- 
genograms will detect this latter category). 
Neurologic or endocrinologic abnormalities 
discussed above also direct one to intra- 
cranial studies. Finally, abnormal plain 
roentgenograms are of great value in lo- 
calizing lesions to this region. The sella may 
be enlarged by a mass arising from within 
it, or erosions may indicate a mass adjacent 
to or extending into it. Calcification, pres- 
ent in a variety of compressive lesions 
(craniopharyngioma, optic glioma, aneu- 
rysm, meningioma, etc.), may demonstrate 
the lesion and indicate its nature; in Case 
ur the finding of calcification on a skull 
series was a major factor in leading to 
evaluation, since visual symptoms had 
abated. Hyperostosis and bone destruction 
may likewise direct one to an intracranial 
lesion. 

Roentgenologic investigation for intra- 
cranial compressive lesions includes: to- 
mography; isotope scanning; cerebral ar- 
teriography (with magnification and sub- 
traction techniques); cavernous sinus ve- 
nography (performed in the same manner 
as an orbital venogram):; and pneumoto- 
mography. Cavernous sinus opacification 
may demonstrate lesions within, invading, 
or compressing the cavernous sinus. Pneu- 
motomography, performed at our institu- 
tion with hypocyloidal tomographic sec- 
tions, has yielded exquisite demonstration 
of normal and pathologic anatomy; it is 
usually carried out in the brow-up antero- 
posterior, and lateral projections for evalu- 
ation of the region of the optic chiasm and 
nerves, but additional views (submento- 
vertical, oblique) may be of additional 
value. 

For an over-all view of our suggested ap- 
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TABLE VI ° 


FLOW SHEET 








Plain Roentgenograms in all Cases 


/ EN Positive 
Low Clinical High Clinical 
Suspicion Suspicion 
Observe Further Work-up 
1. Disk Swelling 1. Disk Swelling 1. Bilateral Visual Loss 
2. Tight Orbit without Tight Orbit 2. Temporal Field Loss 
3. Proptosis or Proptosis (Unilateral or Bilateral) 
4. Retinal Folds without 2. Disk Pallor 3. Normal Disk 
Swollen Disk 3. Abnormal Plain 4. Neurologic or Endocrinologic 
5. Abnormal Plain Roentgenograms Findings 
Roentgenograms 5. Abnormal Plain Roentgenograms 
Orbit Optic Canals Intracranial 
Isotope Scanning Tomography Isotope Scanning 
Ultrasonography Carotid Angiography Tomography 
Tomography Arteriography 
Venography Pneumotomography 


Carotid Angiography 
Computerized Tomography 


Cavernous Sinus Venography 
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proach to neuroradiologic evaluation of 
“optic neuritis? we have developed a 
flow sheet as demonstrated in Table v1. The 
radiologist can thus be of great help to the 
ophthalmologist in the management of pa- 
tients with signs and symptoms of “optic 
neuritis.” In dubious cases, he can either 
demonstrate a compressive lesion or estab- 
lish that no mass lesion is present.” 
Traditional teaching held that patients 
with slowly progressive unilateral visual 
loss should be explored even if roentgeno- 
logic studies are completely negative.” We 
agree with the contrary view, propounded 
by Knight eż a/.,8 that negative neuroradio- 
logic “exploration” using pneumotomogra- 


phy and magnification, subtraction angi- 
ography is sufficient to establish the pres- 
ence or absence of an intracranial mass 
lesion. We are not certain that the results 
of neuroradiologic evaluation of the orbit 
warrants a similar conclusion. 


SUMMARY 


Optic neuritis can be simulated by lesions 
compressing the anterior visual pathways. 
The radiologist is in a position to assist in 
identifying such lesions or in ruling them 
out. While every patient in whom the diag- 
nosis of optic neuritis is entertained should 
have plain roentgenograms of skull, orbits 
and optic canals, we have developed a 
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scheme for detailed neusoradiologic investi- 
gation based upon clinical and plain roent- 
genographic findings, illustrated by our 
cases and flow sheet. A classification of 
compressive lesions by location is illus- 
trated. 


Ernest J. Ferris, M.D. 

Department of Radiology 

University Hospital 

Boston University School of Medicine 
75 East Newton Street 

Boston, Massachusetts 02118 
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BARIUM FINDINGS IN RETROGRADE 
INTUSSUSCEPTION ™* 


By DIEGO NUNFZ, Jr., M.D., THORKELL BJARNASON, M.D., 
and SOLOMON S. SCHWARTZ, M.D. 


NEW HAVEN, CONNECTICUT 


ABSTRACT: 


Four instances of antiperistaltic intussusception are presented. These serve to 
depict the varied roentgen appearances in both types of intussusception on barium 
study and emphasize two simple interpretational principles: (1) when contrast 
material is administered orad to an antegrade or caudad to a retrograde intussuscep- 
tion, it must first enter the intussusceptum; and (2) when barium is administered 
orad to a retrograde or caudad to an antegrade intussusception, it must first enter 


the intussuscipiens. 


Attention is also directed to tube related intussusceptions and to potential difħ- 


culty in their identification. 


WE have recently encountered four 

examples of retrograde intussuscep- 
tion occurring in three patients. That ex- 
perience affords the opportunity for de- 
scribing and discussing the varied appear- 
ances of the parts or all of the intussuscep- 
tion complex depending on the direction of 
the intussusception and on whether barium 
is administered proximal or distal to it. 


REPORT OF CASES 


Case 1. A 52 year old white female was ad- 
mitted in the terminal phases of ovarian car- 
cinoma, originally diagnosed two years pre- 
viously. In the interim, she had been treated by 
surgery, radiation, and chemotherapy. Her 
chief complaints at the time of final admission 
were related to severe vomiting and abdominal 
distention. An upper gastrointestinal series re- 
vealed an intraesophageal mass that was clearly 
part of the stomach (Fig. 1, 4 and B) and an 
intraduodenal mass that was clearly a portion 
of jejunum (Fig. 2, 4 and B). At autopsy, the 
retrograde intussusceptions were corroborated 
and diffuse abdominal carcinomatosis was 
found. No intraluminal lesions were present. 


Case 11. A 68 year old white male was ad- 
mitted to the hospital because of the recent on- 
set of left lower abdominal pain and an episode 
of rectal bleeding one week prior to admission. 
Over the past few months, he had experienced 


some change in bowel habits. Barium enema 
examination and upper gastrointestinal series 
were unremarkable. Twenty-four hours later, 
the lower abdominal pain became severe. A 
plain roentgenogram of the abdomen revealed 
barium retained proximal to a concavity in the 
descending colon with collapsed bowel below 
(Fig. 34). Hypaque enema examination re- 
vealed a sigmoidocolic intussusception. (Fig. 
3, B and C). A leading lesion was suspected but 
not identified. At operation, the retrograde in- 
tussusception was easily reduced and an intra- 
luminal tumor, histologically an adenomatous 
polyp, was palpated and resected. No other 
sigmoid abnormality was found. 


Case 11. A 98 year old male was admitted 
because of vomiting and abdominal pain. Per- 
tinent past history included hemicolectomy 15 
years previously for carcinoma. Plain roent- 
genograms of the abdomen revealed small bowel 
obstruction. At operation an internal hernia 
was found and reduced. One week after dis- 
charge, he was readmitted because of recurrent 
bowel obstruction. Decompression was at- 
tempted by means of a Miller-Abbott tube. 
The tube arrested in the left midabdomen and 
Gastrografin was injected, demonstrating a 
retrograde jejuno-jejunal intussusception (Fig. 
4). Despite supportive therapy, the patient’s 
condition deteriorated and death ensued. At 
autopsy, dilated bowel was found along the 
course of the tube but not distal to its tip. 


* From the Department of Radiology, Hospital of St. Raphael, New Haven, Connecticut. 
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Fic. 2. Case 1. (4) Gastric mucosal folds converge 
toward that portion of its wall invaginated into the 
esophagus. The duodenum is dilated and has a 
coil-spring appearance caused by retrograde in- 
tussusception of the jejunum. (B) Spot roentgeno- 


Fic. 1. Case 1. (4) Anterior wall of the stomach in- gram. Barium has filled the lumen of the jejunal 
vaginating into the esophagus. (B) Spot roent- intussusceptum (arrow) and has passed into unin- 
genogram. The distal esophagus (intussuscipiens) volved bowel. 


is dilated and contains a portion of the stomach 
(intussusceptum). 
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Fic. 3. Case 11. (4) Plain roentgenogram of the ab- 
domen 24 hours after a gastrointestinal series. 
The colon is minimally dilated to its mid-de- 
scending portion. Barium caps a rounded filling 
defect. Distally the colon is collapsed. (B) Spot 
roentgenogram. Hypaque lies within the lumen 
of the intussusceptum (arrow) and has started 
to fill the proximal intussuscipiens. (C) Spot 
roentgenogram at a later stage. The lumina of 
the invaginated and sheathing portions are now 
more completely filled. The distance between 
the closed arrow (lumen of the intussusceptum) 
and the open arrow indicates the thickness of 
the walls of the involved segments. 


ROENTGENOLOGIC FINDINGS portion (the intussuscipiens). The roent- 

An intussusception, by definition, con- genologic findings depend on: (1) whether 
sists of a portion of the gastrointestinal or not the intussusception is antegrade 
tract that has invaginated (the intussuscep- (isoperistaltic) or retrograde (antiperistal- 
tum) into another receiving or sheathing tic); (2) whether or not contrast material is 
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Fic. 4. Case 111. Gastrografin injection into the lumen 
of the Miller-Abbott tube. The tip of the tube is 
within the lumen of the intussusceptum. Through 
proximal openings, contrast material fills the di- 
lated intussuscipiens and produces a “‘coil-spring 
appearance.” The lumen of the intussusceptum 
and normal distal bowel are also filled. 


introduced into the intussusceptum or in- 
tussuscipiens; and (3) whether or not the 
lumen of the intussusceptum is filled or 
fillable (Fig. 5). 

Barium introduced orad to an isoperistal- 
tic intussusception or caudad to an antiperi- 
staltic intussusception must first enter the 
intussusceptum (Fig. 38). As contrast ma- 
terial enters the invaginated portion, it 
must flow into the compressed lumen. If 
the distal lumen is obstructed, contrast ma- 
terial will not pass into the intussuscipiens, 
and the bowel, proximal to the narrowed, 
invaginated segment, will demonstrate the 
typical features of obstruction, partial or 
complete. If the lumen is patent, the intus- 
suscipiens fills (Fig. 3C), and is widened 
around the invaginated portion. If good 
coating of the mucosa of both the invagi- 
nated and sheathing portions is obtained, 
the so called coil spring appearance results. 
If significant obstruction exists, the bowel 
proximal to the intussusception complex is 
dilated and collapsed distally, regardless of 
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whether or not the process is iso- or anti- 
peristaltic. 

Barium introduced caudad to an isoperi- 
staltic intussusception or orad to an anti- 
peristaltic intussusception (Fig. 2; and 4) 
must first enter the widened intussuscipiens 
in which the invaginated portion of bowel 
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Fic. ç. Diagram ot an intussusception complex. 
1=The intussuscipiens. 1A=The sheathing por- 
tion of the intussuscipiens. The combined mucosal 
walls of intussusceptum and intussuscipiens are 
responsible for the “‘coil spring.” 2= The intussus- 
ceptum. 2A=The lumen of the intussusceptum. 
Open arrows=Barium orad to a retrograde or 
caudad to antegrade must fill the intussuscipiens. 
Closed arrows= Barium orad to an antegrade or 
caudad to a retrograde must fill the intussuscep- 
tum. 
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produces the coil spring effect, with the 
important difference that passage of con- 
trast material through the narrowed lumen 
of the intussusceptum is not required be- 
fore it may be seen. 

The roentgen appearance of gastro- 
esophageal intussusception may differ from 
above descriptions because the entire cir- 
cumference of the stomach need not in- 
vaginate. A portion of one wall of the 
stomach may intussuscept with mucosal 
folds converging toward it (Fig. 24). The 
esophagogastric junction will, then, not 
appear within the esophagus. Rather, it 
will be in normal position with its opening 
narrowed by the gastric tissue passing 
through it (Fig. 1, Æ and B). Barium is ob- 
viously introduced into the intussuscipiens 
(the esophagus) and then demonstrates the 
usual features of a filled sheath. If the lu- 
men between esophagus and stomach is ob- 
structed, an esophageal obstruction with 
an intraluminal filling defect is seen. If the 
lumen is patent, it is possible to fill the 
stomach. Because only a portion of the 
gastric wall is involved, barium does not 
traverse a narrow central channel (lumen 
of the intussusceptum). It passes eccentri- 
cally around a defect, simulating retrograde 
prolapse of a polypoid gastric tumor. 

When the entire intussusception complex 
is identified, only after it has been filled and 
outlined by barium, it is easy to determine 
that it is retrograde in type in the esopha- 
gus, duodenum and colon. The fact that 
the esophagus is proximal to the stomach 
is obvious. The second portion of the 
duodenum is fixed by its ductal attach- 
ments and therefore cannot intussuscept. 
Retrograde intussusception into it must be 
jejuno-duodenal. If an enteroenteric intus- 
susception is first identified after the entire 
complex is filled, then it is not possible to 
determine whether it is iso- or antiperistal- 
tic because of difficulty in identifying the 
proximal and distal ends (Fig. 6), unless, as 
in our third patient, a decompression tube 
is present. Despite the presence of obstruc- 
tion, the tip of the tube may enter and pass 
through the lumen of the intussusceptum. 


Barium Findings in Retrograde Intussusception 





Fic. 6. Two areas of jejuno-jejunal intussusception. 
Because the complexes are completely filled, it 1s 
not possible to determine direction. 


Barium, injected through it, will fill non- 
dilated bowel and progress normally. The 
intussusception is then not identified. The 
result is seemingly a paradox—the tip of 
the tube is in non-obstructed bowel, yet the 
bowel along the course of the tube is 
dilated. In our case, the intussusception 
was identified because some of the holes in 
the tube were proximal to the intussuscep- 
tion (Fig. 4). The colon is in a relatively 
fixed position and it is not difficult to dis- 
tinguish between proximal and distal por- 
tions. 


DISCUSSION 


Retrograde intussusceptions are extremely 
rare and have been reported to occur in less 
than one percent of intussusceptions of all 
types.’ Table 1 lists reported sites. Why 
they occur is unknown. Reverse peristalsis 
occurring because of distal obstruction or 
in the presence of bowel fixation by ex- 
trinsic inflammatory or neoplastic processes 
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TABLE I 


TYPES OF RETROGRADE INTUSSUSCEPTION 





. Gastro-esophageal! 

. Duodeno-gastric! 

. Jejuno-duodenal (this article) 
Enteric! 

. Caeco-ileal! 

. Colonic! 

. Jejuno-gastric! 


I An BW bY & 


might be causative. This might serve to 
explain our first case. Peritoneal carcinoma- 
tosis, however, is common while antiperi- 
staltic intussusceptions are not. Further, 
the bowel wall was not fixed nor was there 
any distal obstruction in our second case. 

Intussusceptions in both directions are 
known to occur in association with pro- 
longed intestinal intubation, either with 
the tube present or after withdrawal.” ‘° 
When the tube is present, the distended 
balloon may behave in a fashion similar to 
an intrinsic tumor. Plications may develop 
along the mesenteric side of intubated 
bowel and these may be the inciting factor 
when intussusception occurs following tube 
removal.*® 

The coil spring appearance, described 
above, is not, in itself, diagnostic of intus- 
susception. It is commonly seen when a 
dilated loop of small bowel presents itself 
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on end. It is caused by the superimposition 
of a normal number of folds at varying 
depths. A “coil spring? can be seen only 
when barium is in the intussuscipiens. A 
central filling defect due to the intussuscep- 
tum should be present. These facts pertain 
regardless of the direction of the invagina- 
tion. 


Diego Nunez, Jr., M.D. 
Department of Radiology 
Hospital of St. Raphael 

New Haven, Connecticut 06511 
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ILEOCOLONIC PERFORATION* 
A COMPLICATION FOLLOWING RENAL TRANSPLANTATION 


By WILLIAM M. THOMPSON, M.D.,+t HILLIARD F. SEIGLER, M.D.,§ 
and REED P. RICE, M.D.t+ 


DURHAM, NORTH CAROLINA 


ABSTRACT: 


During the decade, February, 1965, through February, 1975, 248 patients under- 
went renal transplantation at the Duke Medical Center. One hundred twenty-five 
were living related recipients, while 123 were cadaveric recipients. Eleven patients 
developed ileocolonic perforation. Six cases were felt to represent non-immunologic 
etiologies while the remaining five were felt to be associated with the allograft re- 
sponse and high dose steroid therapy. Only three of the patients survived this com- 
plication and in each case the perforation was localized. High dose steroid therapy 
interferes with prompt diagnosis and severely impairs successful treatment. Radiolo- 
gists must be familiar with the problem of ileocolonic perforation in patients on 
steroid therapy, must have a high index of suspicion of the site of perforation, and 
must recommend and complete water soluble contrast examination for establish- 
ment of the diagnosis. Early diagnosis, prompt surgical intervention, and discon- 


tinuation of immunosuppressive therapy are recommended. 


ONTINUED immunosuppressive ther- 

apy following renal transplantation is 
necessary for successful engraftment. Com- 
plications secondary to the prolonged use 
of immunosuppressive drugs in general, 
and high dosage steroids in particular, have 
been reported by many authors. The gas- 
trointestinal complications following the 
use of these drugs have not gained wide 
recognition. Until recently, only occasional 
reference has been made to ileocolonic per- 
foration as a complication following renal 
transplantation.!:?:4:57,910 In most of the re- 
ports, the diagnosis was delayed and the 
patient died secondary to septic complica- 
tions following the perforation. Radiolo- 
gists, as well as all physicians, are responsi- 
ble for the care of renal transplant patients 
and must be aware of the clinical presenta- 
tion and the importance of contrast enema 
examinations in establishing early diag- 
nosis since the mortality associated with a 
perforated viscus in the immunosuppressed 
patient is extremely high. 


MATERIAL AND METHOD 


During the decade, February, 196s, 
through February, 1975, 248 patients have 
undergone renal transplantation at the 
Duke Medical Center and the Durham 
Veteran’s Administration Hospital. One 
hundred and twenty-five have had living 
related allografts and 123 have utilized a 
cadaveric source. Eleven patients de- 
veloped ileal or colonic or combined per- 
forations and form the clinical material for 
this report. The patients were maintained 
for varying periods of time on dialysis sup- 
port prior to transplantation. Prior to 1967 
only Azathioprine and prednisone were 
utilized as immunosuppressive agents. From 
1967 to the present, the living related re- 
cipients were prepared and maintained on 
Azathioprine and prednisone with rejection 
episodes being treated by either high dose 
prednisone alone, or high dose prednisone 
In connection with irradiation to the allo- 
graft. The cadaveric recipients were pre- 
pared and maintained on Azathioprine, 


* From the Departments of Radiology,t and Surgery,§ Duke University Medical Center and the Durham Veteran’s Administration 
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Fic. 1. (4) A supine roentgenogram of the abdomen on a 31 year old male with a five day history of left 
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lower quadrant abdominal pain and fever. He had undergone a cadaveric renal transplant three years 
before. A peculiar irregular collection of gas is localized over the left sacroliac joint (arrow). (B) A hypaque 
enema demonstrates extravasation of contrast medium (arrows) into the abscess overlying the left sacro- 
iliac joint. A few scattered diverticula are poorly demonstrated in the left colon. The patient survived 


following a colostomy and is alive three years later. 


prednisone and anti-thymocyte globulin 
with rejection episodes being treated in the 
same manner as the living related re- 
cipients. 


CLINICAL FINDINGS 


Of the eleven patients who developed 
ileocolonic perforations, two were HL-A 
identical, three were HL-A haploidentical, 
and six were cadaveric recipients. Symptom- 
atology in the group of patients who de- 
veloped ileocolonic perforations was ini- 
tially rather subtle. Mild abdominal ten- 
derness, a febrile response, and some 
abdominal distention were present in each 
case. The time of perforation varied from 
less than one week post-transplantation to 
three years after allografting. In all cases 
the time between onset of the patient’s 
symptoms and established diagnosis was at 
least 24 hours. The longest interval was 13 


days. The patients were treated with either 
resection and bowel diversion or bowel di- 
version and drainage alone. A probable 
etiology for the perforations could be sug- 
gested in six of the patients. 

Patient HH was receiving Kayexalate* 
enemas for the control of hyperkalemia and 
developed acute abdominal complaints with 
one of the rectal cycles. At operation there 
was a tear of the anterior wall of the rectum 
with free perforation. It was felt by his 
physician that the enema tube had perfo- 
rated the rectum and the Kayexalate fluid 
had torn additional bowel wall, producing 
a free perforation into the peritoneal cavity 
(Pig; 3): 

Patient WH had a peritoneal dialysis 
catheter injury with institution of his cath- 
eter for dialysis postoperatively. His five 
day dialysis was carried out uneventfully 


* Sodium Polystyrene Sulfonate. 
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Fic, 2. (4) A plain roentgenogram of the upper abdomen in a 38 year old male who nine days previously 
underwent renal transplantation of a kidney from his sister. On the fifth postoperative day, he developed 
increasing abdominal distention, decreasing bowel sounds, and a rigid abdomen. A peculiar homogenous 
collection of gas is noted in the right upper quadrant which is outside the bowel (arrows); and there are 
bubbles of gas in the right pericolic gutter indicating an abscess. There is marked ileus. (B) The post- 
evacuation roentgenogram from a hypaque enema demonstrates intramural and extraluminal gas with 
abnormal mucosa of the ascending colon. At laparotomy, peritonitis and a right upper quadrant abscess 
were found secondary to necrosis of the right colon and terminal ileum. Pathological examination revealed 
ischemic necrosis of colon and ileum with multiple perforations. The patient died 48 hours later. 


and the patient’s symptoms of peritonitis 
did not develop until 48 hours following 
that particular cycle. The trocar perfora- 
tion of the bowel could have contributed to 
the large area of necrosis. 

Patient SA had a perforation of a sig- 
moid diverticulum into the mesentery. This 
did not represent a free perforation. Hy- 
paque enema examination revealed a few 
other diverticula of the colon (Fig. 1). 

Patient HW had a perforation of the 
colon at the hepatic flexure. His antacids 
had produced a massive fecal-antacid im- 
pactation which led to the subsequent 
perforation (Fig. 4). 

Patients VH and LW had retroperitoneal 
abscess formation secondary to prior surgi- 
cal procedures. In both patients a colocu- 
taneous fistula developed secondary to the 
postsurgical abscess. 

Four of the five remaining cases de- 
veloped their ileocolonic complication while 
experiencing allograft rejection which was 


treated with high dose steroids. All five of 
these patients expired secondary to their 
complication. Table 1 summarizes the find- 
ings in each clinical case. 


ROENTGENOLOGIC FINDINGS 


The roentgenologic findings in the eleven 
patients are listed in Table 11. In ten of the 
patients the upright and decubitus plain 
roentgenograms established a diagnosis of 
a perforated viscus with free air demon- 
strated in five and evidence of intra-ab- 
dominal abscess in five, while the eleventh 
patient (Fig. 4, £ and B) had a severe ileus 
and fecal impaction. In this last patient an 
upper gastrointestinal examination per- 
formed six hours after the plain roentgeno- 
grams demonstrated free intraperitoneal 
air (Fig. 4C). Necrosis with free perforation 
of the right colon was demonstrated at 
surgical exploration. 

Upper gastrointestinal examinations were 
performed in seven patients; one study con- 





Fic. 3. (4) An upright chest roentgenogram on a 33 
year old male shows free air under the right hemi- 
diaphragm. The patient had received his second 
cadaveric renal transplant four days earlier. He 
had been receiving Kayexalate enemas for hyper- 
kalemia in the postoperative period. (B) A hy- 
paque enema demonstrated extravasation of con- 
trast medium into the peritoneal cavity through 
an area of necrosis in the anterior rectal wall, just 
above the peritoneal reflection. The area of necro- 
sis was approximately 4 cm in diameter. A sigmoid 
colostomy and oversewing of the perforation were 
performed; the patient expired on the twenty- 
seventh postoperative day. 
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firmed the diagnosis of abscess in the left 
upper quadrant. In the other six patients, 
the upper gastrointestinal series were per- 
formed to exclude a perforated peptic ulcer, 
and in each case the gastrointestinal tract 
was normal. 

Water soluble contrast enema examina- 
tions were performed in six patients and 
demonstrated a perforation in five. One 
patient had a perforation of the anterior 
rectum (Fig. 3), which was thought to 
be secondary to the administration of 
Kayexalate enemas. One patient had a 
perforated sigmoid diverticulum, after the 
plain roentgenograms had demonstrated an 
abscess in the left lower quadrant (Fig. 1). 
A third patient had necrosis of the right 
colon and an abscess in the upper abdomen 
(Fig. 2). Patient VH, with a left upper 
quadrant abscess, had a contrast enema 
examination which demonstrated a perfo- 
ration in the mid-descending colon. In the 
fifth patient, LW, a contrast enema exami- 
nation demonstrated the abscess in the left 
abdomen which was related to a perforation 
of the descending colon. The sixth patient, 
SL, had a normal contrast enema examina- 
tion four days prior to perforation of the 
sigmoid. 

Two patients, (CB and WH), had perfo- 
ration of the ileum with abscesses demon- 
strated on the plain roentgenograms. Water 
soluble contrast enema examinations and 
upper gastrointestinal examinations would 
not have determined the source of the 
perforations. 


DISCUSSION 


The over-all incidence of gastrointestinal 
complications requiring therapy in this 
series of 248 patients was 14 percent. 
Upper gastrointestinal peptic ulcer disease 
was diagnosed in twelve cases, and eleven 
additional patients experienced upper gas- 
trointestinal hemorrhage secondary to stress 
ulceration. Only one patient developed free 
intraperitoneal air secondary to a perfo- 
rated gastric ulcer. 

The eleven cases of ileocolonic perfora- 
tion represent a 4.4 percent incidence of 
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this complication. One patient had large 
bowel obstruction secondary to a bezoar 
with resultant perforation (Fig. 4). In two 
cases perforation was iatrogenic and in two 
cases colocutaneous fistula followed drain- 
age of a retroperitoneal abscess secondary 
to prior surgery. One patient had a perfora- 
tion of a pre-existing colonic diverticulum 
into the mesentery of the large bowel (Fig. 
1). Four of the five remaining cases realized 
their ileocolonic perforation during an 
acute rejection episode that was being 
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Fic. 4. (4) A supine roentgenogram of the 
abdomen on a 43 year old male who was 
seven days postrenal (cadaveric) transplant. 
A large amount of feces and radio-dense 
material (antacids) had been retained in the 
colon. (B) No free air was demonstrated on 
the upright roentgenograms. (C) The pa- 
tient underwent an upper gastrointestinal 
series six hours after the plain roentgeno- 
grams because of his severe upper abdominal 
pain. The upper stomach and duodenum 
were entirely normal. Free intraperitoneal 
air is demonstrated under the right hemi- 
diaphragm which was not seen on the ab- 
dominal roentgenograms done six hours 
earlier. At laparotomy there was a fecal- 
antacid impaction in the right colon with a 
perforation in the ascending colon secondary 
to pressure necrosis. The patient died 14 
days later. 


treated with high dose steroids. 
Immunosuppressive agents may inter- 
fere with establishment of the proper diag- 
nosis by altering physical signs, leukocyte 
response, and febrile response. The ma- 
jority of the patients with a perforated 
viscus and not on immunosuppressive 
therapy will be diagnosed and treated 
within 24 hours. In contrast, patients fol- 
lowing renal transplantation with perfora- 
tion of the alimentary tract may not be 
diagnosed during the first 24 hours. In this 
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TABLE Í 


SUMMARY OF PATIENTS WITH ILEOCOLONIC COMPLICATIONS FOLLOWING RENAL TRANSPLANTATION 


























Time 
Time Between Steroid 
Case Age Sex Source of Kidney after O nset of Dosage Nature of Gastrointestinal Treatment Result 
. Symptoms at Time of Problem 
Transplant ; 
and Perforation 
Diagnosis 
SA 31 M Cadaver 3 years 5 days 35 mgm/da Perforated sigmoid diverticu- Loop colostomy Alive 
lum-local abscess 
CE 4I M Haploidentical brother 18 months 4 days 30 mgm/da Perforated sigmoid: peritonitis Colostomy Died 
VH 26 F HL-A Identical sister 2} months 7 days None Perforated descending colon— Resecting colostomy Alive 
left subdiaphragmatic abscess 
RM 39 M Cadaver 11r days s days 200 mgm/da Acuteintlammation; perforated Resection colostomy Died 
right colon; peritonitis 
rst cadaver Perforation, splenic flexure; 
LW 20 M 2nd sister g months 13 days 35 mgm/da fistula; abscess Colostomy Alive 
Haploidentical 
Necrosis and multiple perfora- 
HC 38 M HL-A Identical sister 9 days 4 days 200 mgm/da tions right colon; terminal ile- Resection colostomy Died 
um; peritonitis 
Haploidentical Necrotic perforated rectum 
HH 33 Mist sister 3 days 2 days 60 mgm/da_ probably from Kayexalate ene- Colostomy Died 
2nd cadaver mas 
CB 23 F  Haploidentical mother 2 months 3 days 200 mgm/da Perforation mid-ileum with ne- Perforation oversewn Died 
crosis and peritonitis 
WH 38 M Cadaver to days 2 days 60 mgm/da_ Necrotic ileum; peritonitis (tro- Resection Died 
car injury) 
HW 43 M Cadaver 13 days 2 days 60 mgm/da Impaction right colon; necrosis; Resection colostomy Died 
perforation; peritonitis 
SL 26 F Cadaver 26 days 1 day 872 mgm/da_ Perforated sigmoid colon Drainage colostomy Died 


series, the average time for establishing the 
diagnosis was four days. In the majority of 
previous reports the patients had diffuse 
peritonitis rather than a localized ab- 
scess,?°510.1 Al] three of the patients in 
this series who survived their perforations 
had a localized abscess either in the retro- 
peritoneum or general peritoneal cavity. 
The eight patients who failed to survive 
had a free perforation with generalized 
peritonitis. 

In each of the eleven cases the roent- 
genologic findings established the diagnosis 
of a perforated viscus. Thorough examina- 
tion of the plain films is of utmost impor- 
tance in all patients with abdominal pain, 
but 1s of particular importance in the post- 
renal transplant recipient, since many of 
these patients will have a moderate to 
marked ileus, and recognization of extra- 
luminal gas may be difficult. When a large 
amount of free air is present the most likely 














diagnosis is ileocolonic perforation. It 
should be emphasized that the initial con- 
trast study should be a water soluble con- 
trast enema examination. If the enema 
examination is normal, an upper gastro- 
intestinal series should then be performed. 
Water soluble iodinated contrast medium is 
recommended for both of these examina- 
tions. The iodinated contrast medium pro- 
vides satisfactory roentgenographic con- 
trast 1f low kilivoltage techniques are used. 
The Duke experience indicates that peri- 
toneal soilage with water soluble contrast 
medium is less serious than when barium 
contaminates the peritoneal cavity. We 
have used the powdered form of Sodium 
Diatrizoatet for all water soluble contrast 
enema examinations. For an adult, 200 
grams of the powder are mixed in an enema 
bag with 1,000 cc of tap water. This makes 
approximately a 20 percent solution. This 


t Hypaque—Winthrop. 
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TABLE II 


ROENTGENOLOGIC FINDINGS IN THE TEN PATIENTS WITH ILEOCOLONIC PERFORATION 








Case Plain Abdominal Roentgenograms 


Contrast Enema 


Upper Gastrointestinal 


Examination Examination 


ee i 


SA Abscess left lower quadrant Perforated sigmoid Not done 
diverticulum 

CE Severe ileus, free air Not done Normal 

VH Abscess left upper quadrant Perforation descending colon Abscess documented 

RM Ileus, free air Not done Normal 


LW Ileus, abscess left mid-abdomen 


Perforation descending colon Normal 


HC Severe ileus, gas in bowel wall; ab- Perforation right colon Not done 
scess right upper quadrant 

HH Ileus, free air Perforation rectum Not done 

CB Ileus, abscess right upper quadrant Not done Normal 

WH Ileus, free air Not done Not done 


HW Severe ileus, massive fecal impaction Not done 


SL Ileus, free air 


Normal, but free air on up- 
right film 


Normal 4 days prior to per- Normal 


foration 
er E ee eee 


mixture provides good contrast when roent- 
genographic techniques in the 75-80 kVp 
range are used. 

In this series, as in others,?581%" there 
was a wide range of time between renal 
allografting and the development of ileo- 
colonic perforations. Some authors have 
suggested that there is a higher incidence of 
this complication following cadaveric renal 
transplantation than following consanguin- 
eous allografting. In this report, two pa- 
tients were HL-A identical, three were 
HL-A haploidentical and six were cadav- 
eric recipients. Non-immunologic etiologies 
were strongly implicated in six of the eleven 
patients. In four of the five remaining cases 
allograft rejection and high dose steroids 
were common to each case. A Shwarzman 
type phenomenon, immunologic induced 
vasculitis, and high dose steroid therapy 
have all been offered as explanations for 
ileocolonic perforations in renal transplant 
recipients,®5 68.10.11.15 There is increasing 
evidence that steroids are probably the 
most dangerous of the immunosuppressive 
drugs. Siegel! avoided any gastrointestinal 
complications in 60 postrenal transplant 
recipients by changing the daily standard 
dosage of prednisone while using other 
immunosuppressive agents in a conven- 


tional fashion. Administration of predni- 
sone once daily progressing to alternate 
day steroid therapy was recommended in 
his report. Even though both the allograft 
response and chronic uremia®®!014 may 
predispose to ileocolonic perforation, high 
dose steroids would appear to be the most 
important causitive agent. 

Colonic diverticular disease with perfo- 
ration has been reported by others? 2-1 in 
patients to whom steroids were being ad- 
ministered for reasons other than renal 
transplantation. Perforation of the colon in 
association with, or as a result of, fecal im- 
paction secondary to antacid therapy has 
been reported.27 Some authors?!" have 
suggested that cation exchange resins be 
cautiously used, that particular attention 
be given to proper colon preparation prior 
to transplantation, and that fecal impac- 
tion be arduously avoided during the post- 
operative period. 


William M. Thompson, M.D. 
Department of Radiology 

Duke University Medical Center 
Durham, North Carolina 27710 
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SKELETAL ABNORMALITIES IN THE KNIEST SYN- 
DROME WITH MUCOPOLYSACCHARIDURIA* 
By PAULA W. BRILL, M.D.,tt HYON J. KIM, M.D., NICHOLAS G. BERATIS, M.D., and 
KURT HIRSCHHORN, M.D. 


NEW YORK, NEW YORK 


ABSTRACT: 


The roentgenographic and clinical findings are described in a mother and daughter 
with the Kniest syndrome associated with urinary keratan sulfate excretion. Osteo- 
porosis, kyphoscoliosis, vertebral irregularity, pelvic deformity, flat femoral heads 
and enlargement of the ends of the long bones were the main roentgen findings. Ir- 
regu'arity of ossification on both sides of the growth plate was observed in the 
daughter, and marked degenerative changes were superimposed on several of the 
mother’s abnormal joints. Abnormal mucopolysacchariduria, observed in both pa- 
tients, and cataracts, fusion of the symphysis pubis, and deficiency of carpal bones, 
seen in the mother, have not been described previously. 


i 1952, Kniest? described an unusual 
form of short trunk dwarfism which later 
was considered to be a variant of meta- 
tropic dwarfism.*° Recently Rimoin e¢ al.’ 
and Siggers et al?’ have recognized the 
Kniest syndrome as a distinct entity. 

The typical clinical features of the Kniest 
syndrome include short trunk dwarfism, 
kyphoscoliosis, enlargement of joints with 
limited motion, bell-shaped chest, round 
face with central depression, prominent 
eyes, myopia, deafness, cleft palate, re- 
tarded motor development, and recurrent 
respiratory infections. Short, deformed ex- 
tremities and a relatively long trunk are 
seen early in life. Later in childhood there 
is disproportionate shortening of the trunk 
as kyphoscoliosis and lordosis develop.° 

Most previous cases have been sporadic, 
and mucopolysacchariduria has not been 
reported. We have recently observed the 
Kniest syndrome in a mother and daughter 
who were found to excrete keratan sulfate 
in the urine. 


CLINICAL FINDINGS 


The proposita was a 13 year old Puerto 
Rican girl, product of a non-consanguineous 


marriage. Both parents were 29 years old 
at the time of her birth. At 18 months the 
diagnosis of Morquio’s syndrome was en- 
tertained. 

At 13 years both the height and weight 
were below the third percentile. The height 
was 129 cm and the span was 132 cm. The 
upper-lower segment ratio was 0.90. The 
facial appearance was striking with promi- 
nent eyes, epicanthal folds, mid-facial hy- 
poplasia, and increased distance between 
the upper lip and nose. The teeth were 
malaligned. There was a marked thoracic 
kyphosis, and the lower ribs were flared 
laterally. Both the large and small joints of 
the extremities were enlarged, and joint 
motion was limited. There was bilateral 
hearing loss of sensory-neural origin in the 
left ear and mixed sensory-neural and con- 
ductive origin on the right. She was 
severely myopic, and the corneas were 
clear. Intelligence was normal. 

The proband’s 43 year old mother had a 
very similar physical appearance. The dis- 
crepancy between height (131 cm) and span 
(157 cm) was greater in the mother who had 
a more severe thoracic kyphosis. Deafness 
and bilateral cataracts were present. 
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itin sulfate N-acetyl hexosamine sulfate 
sulfatase were normal. 

The father of the proband was pheno- 
typically normal. The maternal grandpar- 
ents were reported to be normal. 


ROENTGENOGRAPHIC FINDINGS 


In mother and daughter, the general con- 
figuration of the bones was strikingly simi- 
lar. Consistent with her age, the daughter’s 
epiphyses had not yet fused, and abnor- 
malities on both the epiphyseal and meta- 
physeal sides of the growth plate were 
identifiable. Degenerative changes were 
superimposed on several of the mother’s 
large abnormal joints. 

Spine (Fig. 1-5). In the daughter there 
was generalized platyspondyly with irregu- 
larity of the superior and inferior surfaces 
of the vertebral bodies. The posterior por- 
tion of the body of Ls was wedged. 

The mother’s platyspondyly and verte- 
bral irregularity primarily involved the 
thoracic spine. Her kyphosis was more se- 
vere and her disk spaces narrow. As with 
the daughter, the posterior portion of the 





Fic. 1. Lateral view of the mid and lower thoracic 
and lumbar spine of the daughter. There 1s severe 
thoracic kyphosis with the apex at T6, which is 
wedged anteriorly (arrow). The vertebral bodies 
are flattened and irregular. 


Both mother and daughter had abnormal 
mucopolysacchariduria. The acid muco- 
polysaccharide excreted was identified by 
Dr. Reuben Matalon, University of Chi- 
cago, as keratan sulfate. No dermatan sul- 
fate was found in the urine. Routine blood 
chemical studies and urinalysis were nor- 
mal. No inclusion bodies were found in 
peripheral leukocytes. Cultured skin fibro- 
blasts in both patients were highly meta- 
chromatic. The lysosomal enzymes arylsul- 





fatase A and B. alpha-glucosidase, alpha- Fic. 2. Lateral view of the cervical spine of the 
j na dae tic » ay daughter. The vertebral bodies are flat and irregu- 


galactosidase, alpha-iduronidase, alpha- lar with wide intervertebral disk spaces. There 1s 
mannosidase, alpha-fucosidase, beta-galac- a mild increase in distance between the anterior 


tosidase, beta-glucuronidase and chondro- arch of C1 and the odontoid. 
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Fic. 3. Lateral roentgenogram of the thoracolumbar 
spine of the mother. There is a severe mid-thoracic 
kyphosis. Flattening and irregularity of vertebral 
bodies are more marked in the thoracic than 
lumbar spine. The intervertebral disk spaces are 
narrowed. 


body of Lş was wedged. 

Caudal narrowing of interpedicular dis- 
tances was seen in both patients (Fig. 4; 
and 5). The daughter’s coccyx was unusu- 
ally large. The odontoid had a large antero- 


>> 


Fic. 5. Pelvis and lumbosacral spine of daughter. 
The shape of the pelvis is similar to that of the 
mother. The iliac, ischial, and pubic bones are 
all hypoplastic. The symphysis pubis is irregular 
but unfused. The ischiopubic synchondrosis is 
poorly ossified for the patient’s age. The acetabula 
are irregular and the hip joint space narrowed. The 
femoral heads are extremely flat and wide, and 
there is bilateral coxa vara with marked thicken- 
ing of the femoral necks. The interpedicular dis- 
tances narrow caudally. The coccyx is large. 


Skeletal Abnormalities in the Kniest Syndrome 
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Fic. 4. Pelvis and hips of the mother. The iliac, 
pubic, and ischial bones are hypoplastic, and 
there is bony fusion of the symphysis pubis. The 
hip joint spaces are narrowed and sclerotic. No 
true femoral heads are distinguishable, and the 
femoral necks are thick and short with coxa vara 
deformities. There is caudal narrowing of the in- 
terpedicular distances of the lumbar spine. 


posterior diameter in mother and daughter, 
but only in the daughter was there a mild 
increase in the distance between the an- 
terior arch of Cı and the odontoid (Fig. 2). 
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Fic. 6. The knee of the daughter shows increased 
density adjacent to the growth plates on both the 
epiphyseal and metaphyseal sides. The epiphyses 
and metaphyses are osteoporotic and wide. The 
proximal tibial metaphysis and growth plate are 
dome-shaped with corresponding central thinning 
of the epiphyseal ossification center. 


Pelvis (Fig. 4; and 5). The general shape 
of the pelvis was similar in mother and 
daughter, with hypoplasia of the iliac, 
pubic, and ischial bones. The iliac bones 
had a square configuration. 

There was complete bony fusion of the 
mother’s symphysis pubis. Narrowing of 
the hip joint spaces and bilateral coxae 
varae with short, thick femoral necks were 
seen in both patients. In the daughter, the 
femoral capital epiphyses were extremely 
flat and wide, and in the mother there was 
no distinguishable transition between the 
femoral neck and head. 


Long Bones (Fig. 6-9). The ends of the 


Brill, Kim, Beratis and Hirschhorn 






NOVEMBER, 1975 


long bones were osteoporotic and bulbous. 
In the daughter, whose epiphyses were un- 
fused, there was a relative increase in bone 
density adjacent to the growth plates on 
both the epiphyseal and metaphyseal sides. 
The proximal tibial (Fig. 6) and distal ra- 
dial (Fig. 11) metaphyses were dome- 
shaped with corresponding central thinning 
of the epiphyseal ossification centers. 

The mother had marked degenerative 
changes in multiple joints, including joint 
space narrowing of the hips (Fig. 4), ankles, 
knees, and elbows as well as marked pro- 
ductive changes at the elbows (Fig. 9). 
Multiple cyst-like lucencies were present 
in her distal femur. 

Hands and Wrists (Fig. 10; and 11). 


py y 


Fic. 7. Oblique view of the knee of the mother. The 
ends of the bones are expanded. Adjacent to the 
irregular articular surfaces are multiple cyst-like 
lucencies. 
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Mild narrowing of joint spaces and flatten- 
ing of the metacarpal heads were seen in 
the daughter. In the mother these changes 
were much more pronounced, and the peri- 
articular areas of the phalanges were flat- 
tened and osteoporotic as well. The daugh- 
ter’s carpal bones had angular contours, 
and in the mother the proximal row of 
carpal bones was deficient and the distal 
row deformed and small. 

Feet (Fig. 12). Identical foot deformities 
were found in mother and daughter. The 
shafts of the second through the fifth meta- 
tarsals were abnormally thin, and the 
fourth metatarsal was shortened. In the 
daughter, the fourth metatarsal epiphysis 





Fic. 8. Lateral view of the tibia of the daughter. 
There is amphorphous increased density in the 
metaphyseal region and osteoporosis of the epi- 
physis and diaphysis. 


Skeletal Abnormalities in the Kniest Syndrome 
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Fıs. 9. Lateral view of the mother’s elbow with 
osteoporosis, joint space narrowing and marked 
osteophyte formation. 


was fusing while the others were still open. 

Chest (Fig. 13). The chest deformity in 
both patients consisted of a narrow trans- 
verse diameter of the upper rib cage and 
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Fic. 10. The mother’s hand shows generalized joint 
space narrowing and periarticular osteoporosis. 
Flattening at the ends of the bones is most pro- 
nounced at the metacarpal heads. The proximal 
row of carpal bones is deficient and the bones of 
the distal row abnormally small. 
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Fic. 11. The daughter’s hand shows mild narrowing 
of joint spaces and flattening of metacarpal heads. 
The carpal bones are small and have angular con- 
tours. The dome-shaped distal radial metaphysis 
protrudes into the center of the epiphysis. 


lateral flaring of the lower ribs. The orienta- 
tion of the posterior portions of the ribs 
was more vertical than normal, secondary 
to kyphosis. The scapulae were hypoplastic. 

Skull (Fig. 14). The over-all size and 
shape of the skull were normal. Each pa- 
tient had a small sella turcica. 


DISCUSSION 


The proband and her mother had most 
of the clinical findings of the Kniest syn- 
drome. However, cleft palate, usually pres- 
ent in this syndrome, was absent in our pa- 
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tients. Cataracts have not been seen in the 
previously reported cases. The proband 
had normal lenses while the mother had 
had cataracts since at least 25 years of age. 
It is not known whether the development 
of cataracts during the third decade is a 
manifestation of the syndrome, since the 
oldest previously reported patient was 26 
years old.® Although most cases have been 
sporadic, there is evidence of dominant in- 
heritance in another family with an affected 
mother and daughter.’ 
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Fic. 12. Anteroposterior view of the left foot of the 
daughter. There is thinning of the shafts of the 
second through fifth metatarsals and proximal 
phalanges and shortening of the fourth metatarsal, 
the epiphysis of which is in a more advanced 
stage of fusion than the other epiphyses. The loose 
trabecular structure is well demonstrated in all 
the phalanges and metatarsals. 
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In our patients the roentgenographic 
findings generally resemble those previously 
described,’ including generalized osteopo- 
rosis, bulbous ends of long bones, irregular 
trabecular structure with increased density 
on both sides of the region of the growth 
plate, vertebral flattening and irregularity, 
short.chest, and small pelvis. 

Several differences from the previous 
cases were noted. Bony fusion of the sym- 
physis pubis as well as the severe carpal ab- 
normalities of the mother have not been de- 
scribed before. Since these findings were 
not present in the daughter, they may be 
late manifestations. The daughter’s sym- 
physis pubis was unfused but irregular, and 
her carpal bones were small but all were 
present. The femoral capital epiphyses, 
usually absent throughout childhood in the 
Kniest syndrome, were present in the 
daughter, although very flat. Platyspon- 
dyly and cloudy calcification across the 
epiphyseal plate were less marked than 
usually seen in the syndrome.$ 

Of considerable importance in our cases 
is the urinary excretion of keratan sulfate.2 
This has not been reported in other pa- 
tients with this syndrome, although not all 





Fic. 13. Posteroanterior view of the chest of the 
mother. There is a narrow transverse diameter of 
the upper rib cage and lateral flaring of the lower 
ribs. The diagonal orientation of the posterior 
portions of the ribs is secondary to kyphosis. The 
scapulae are hypoplastic. 


Skeletal Abnormalities in the Kniest Syndrome 
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Fic. 14. Lateral roentgenogram of the skull of the 
daughter. The sella turcica is unusually small. The 
odontoid (arrows) is prominent. 


have been tested.* Genetic heterogeneity in 
the Kniest syndrome is thus suggested, one 
form of the syndrome being associated with 
and the other without urinary keratan 
sulfate excretion. 

The mucopolysaccharide excreted in our 
patients, with a dominantly inherited dis- 
ease, 1s the same as that excreted in 
Morquio’s syndrome, which is inherited as 
an autosomal recessive. It can be specu- 
lated that this variant of the Kniest syn- 
drome is due to an enzyme inhibitor or to a 
mutation of a regulatory gene operating in 
the anabolic or catabolic side of keratan 
sulfate metabolism. 

Skeletal abnormalities are present at 
birth in the Kniest syndrome but do not 
appear until early childhood in Morquio’s 
syndrome.''® Pelvic roentgenograms in 
Morquio’s syndrome show supra-acetabu- 
lar constriction, coxa valga, and a narrow 
femoral neck. In the Kniest syndrome coxa 
vara and a wide femoral neck are seen, and 
there is no supra-acetabular constriction. 
The apex of the kyphosis is near the thora- 
columbar junction in Morquio’s syndrome 
and was in the mid-thoracic spine in our 
patients, although Siggers et a/.® have de- 
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scribed a patient with ù lower kyphosis. In 
Morquio’s syndrome the lumbar vertebral 
bodies tend to be more severely aftected 
than the thoracic, and vertebral beaking is 
prominent. The thoracic spine is more 
severely affected in the Kniest syndrome. 
The hands of patients with the Kniest syn- 
drome do not show the proximal meta- 
carpal pointing of Morquio’s syndrome. 

Odontoid hypoplasia tends to be symp- 
tomatic in Morquio’s syndrome and either 
absent or asymptomatic in the Kniest syn- 
drome. Our patients each have a thick 
odontoid of normal height. The daughter 
has slight increase in the distance between 
the anterior arch of Cr and the odontoid. 

It is not yet known whether this variant 
of the Kniest syndrome can be distin- 
guished clinically or roentgenologically 
from the type without abnormal muco- 
polysacchariduria, since few patients of 
similar ages have been studied roentgeno- 
logically, and mucopolysaccharide determi- 
nations have not been performed in all of 
them. 


Paula W. Brill, M.D. 
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New York, New York 10021 
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INFORMED CONSENT AND THE 
RADIATION THERAPIST’S RESPONSIBILITY 


LL to the increased use of megavoltage 
radiation therapy in clinical oncology, 
a large number of patients are being ex- 
posed to high dose radiation therapy. In- 
evitably there will be complications from 
such treatment, particularly as the en- 
thusiasm of fully trained radiation thera- 
pists increases in a desire to improve thera- 
peutic results using higher doses. Such com- 
plications are, in essence, a natural se- 
quence of radiation therapy, even with the 
finest equipment and the most flawless 
technique. It is a known fact that we are in 
the time of consumer protection and that 
we are dealing with a more informed and a 
more sophisticated society than has been 
previously seen. Therefore, potential litiga- 
gation risks are obviously present.! A major 
thrust in many medical legal cases is in the 
direction of lack of informed consent. A 
recent case in California illustrates this 
point: A patient had gastric surgery. Post- 
operative bleeding necessitated a splenec- 
tomy. The patient sued on the grounds of 
malpractice, but a higher court ruled 
against actual physical malpractice but did 
rule in favor of the plaintiff due to the lack 
of informed consent about possible com- 
plications. Thus new standards of patient 
information have been established by the 
thrust of this case.” 

What is informed consent? In essence, if 
a physician might possibly injure a patient 
he must tell the patient about the possible 
injury and have the patient’s permission, 
presumably in writing. Consent for treat- 
ment from a patient is to be obtained before 
embarking on such a course of therapy. It 

1 Eacieton, Mark and Rarn, J. R. Liability: what is your 


risk? ACR Bulletin, Nov., 1972, 28. 
2 Cosas vs. GRANT. 502 P 2D, Cal., 1972. 


is the physician’s duty to obtain permis- 
sion and he himself must inform the patient 
and not rely on his assistants.’ Such consent 
must be explicit and not implied since ra- 
diation therapy is rarely an emergency pro- 
cedure. A performance of such treatment, 
without due consent, is battery, and a pro- 
cedure skillfully performed without such 
consent is still considered battery. There- 
fore, absence of such consent renders a 
physician subject to liability from injuries 
from such treatment. Of course, such con- 
sent does not license a physician to do mal- 
practice. It is the duty of the physician to 
inform the patient of all relevant informa- 
tion about a procedure so that the patient 
can make an intelligent decision on his own 
behalf, to accept or reject such treatment. 
Minor risks need not be discussed, but if 
there is a known risk, potential risk, or 
harmful effects the physician must dis- 
close such in laymen’s terms. Also the 
physician must disclose any additional per- 
tinent information about the case as would 
a skilled practitioner in a similar situation 
On the other hand, a physician has no ob- 
ligation to insure that the patient will re- 
cover from such a particular ailment.’ A 
physician is not legally required to be in- 
fallible.’ 

The physician has no duty to disclose 
facts if such facts would so seriously upset 
the patient that he could not make a ra- 
tional judgment, and thereby forego such 
treatment.? Frequently, slow gradual reve- 


3 Crum, J. F. Some advise on informed consent. CMA Special 
Report, Feb., 1973. 

4 RAMER vs. Community Memorial Hospital. 18 Cal App 3d 
240, 1972. 

6 Te1G vs. Saint John’s Hospital. 387 P 2d 527 Wash., 1964. 

6 Bayt. 6.11—1972 Revision, Civil Instructions: Reality of 
Consent—Physician’s Duty of Disclosure. 
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lation of such facts to a frightened recalci- 
trant patient may well loosen his fears so 
that communication may be established. 
At no time should a physician start therapy 
until actual consent is obtained. If consent 
cannot be obtained, perhaps referral to 
another facility or to another physician 
should be made. 

Up to this point legal considerations have 
been set forth that could well apply to any 
phase of medicine, not only radiation ther- 
apy. The following discussion will relate 
to the area of radiation therapy, but the 
principles might well apply to any branch 
of medicine. 

It is philosophically difficult to reason- 
ably inform a patient because words do not 
mean the same things to all people. Also a 
reasonable situation is admittedly hard to 
define. The authors do not intend to offer 
standards of conduct, but we do suggest an 
approach in the direction to the subject. 
Such an approach reflects the authors’ ex- 
perience in clinical radiation therapy and 
legal practice in southern California. We 
do not believe in defensive medicine, but 
we advocate an honest and open approach 
to medical practice. Such an approach 
would benefit the patient and doctor alike. 

In order to inform a patient about radia- 
tion therapy, a description of how radiation 
therapy is to be given, revelation of the 
number of treatments, time required per 
session, and an explanation of the need for 
follow-up visits are absolutely basic. To 
reveal the common and immediate side 
effects from radiation therapy such as 
nausea, vomiting, diarrhea, cramps, mu- 
cous membrane reactions and possible skin 
reddening is also basic. Emphasis should 
be made that such reactions are normal and 
expected. It also should be made clear that 
the therapist is available to treat such side 
reactions. This information opens up a two- 
way street of communication based on care, 
trust and security. 

To enumerate and describe major risks 
and complications of such treatment are 
the essence of informed consent.’ It is sug- 


7 Lopez vs. SAWYER, 279 A 2d 116, N. J., 1971. 
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gested that simple laymen’s language be 
used at all times. Words such as proctitis, 
cystitis, fibrosis, radiation ulcer and necro- 
sis, etc. have little meaning to the layman, 
and hence invalidate informed consent in 
the eyes of the court. However language 
such as infection, inflammation, tissue 
death, tissue destruction, and ulcer forma- 
tion carry an impact of information that 
can hardly be misrepresented. Also such 
words cover a vast gamut of possible reac- 
tions and obviate minute, verbose, and 
confusing information disclosure. A record 
of such conversation should appear as a 
notation on the patient’s therapy chart.’ 
This is to be considered in the course of 
daily business and further verifies such a 
conversation. 

A signed and properly witnessed therapy 
authorization form is essential. The authors 
have seen verbose, technically dificult per- 
mit forms in small type that are confusing 
and practically useless as they carry no 
impact of real information. Hence it could 
be construed in the eyes of the court to be 
misleading, thus making the concept of 
informed consent invalid. Illustrated at 
the top of the next page is a form that is 
considered direct, simple and information 
giving. 

Even if a patient has not indicated a de- 
sire for such information about medical 
risks before treatment, failure to reveal 
such risks may make a physician liable, 
solely on the basis that the patient may 
not have consented to the treatment if he 
had known about the risks.? The doctrine 
of informed consent imposes upon a physi- 
cian the duty to disclose to his patient all 
relevant information concerned in a pro- 
posed treatment, including the collateral 
hazards attendant thereto, so that the 
patient’s consent to treatment will be an 
intelligent one based on complete informa- 
tion.’ However, no disclosure need be made 
if the patient requests that he not be so in- 
formed.? The authors suggest that in this 


8 ELMENDORF, T., and ACKERMAN, F. W. CMA Bulletin, 
AUG. 24, 1973. 
9 Nisui cs. HARTWELL. 473 P. 2d 116 Haw., 1970. 
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CONSENT FOR RADIATION THERAPY 


Permission is given to Dr. to perform radiation therapy 


on 


The type of reactions from the treatment and the nature of major risks and complications have been 
explained to me. These can include: skin irritation, organ injuries, scar tissue formation, tissue destruction, 
infection, bleeding and inflammation. Such reactions can occur during radiation therapy or a long time after 
completion of such treatments. Since radiation therapy is an art and not an exact science I understand that 
no promise of cure or freedom from risk can be given. 


All efforts possible are taken to provide for the ultimate care of the patient. Calculations of radiation doses 


are done by specialists trained in these arts. 


During the course of treatment, I will report any symptoms if they become bothersome. 


I have read the above and have no further questions about the treatment to be given. 


Witness 


Date 


case a note appear on the patient’s therapy 
chart indicating his request with the sig- 
nature of a witness. In regard to witnesses, 
it is suggested that a permanent employee 
of the x-ray department, preferably the 
treating technician, witness all forms. This 
would demonstrate a continuity in the dis- 
closure procedure. 

Regarding the validity of a permit for a 
form of treatment, a quotation from the 
Georgia State Medical Consent Law is 
documentary: “A consent to medical or 
surgical treatment which discloses in gen- 
eral terms the diagnosis or course of treat- 
ment in connection in which it is given and 
which is duely evidenced in writing, and 
signed by the patient, person or persons 
authorized to consent persuant to the terms 
thereof, so be concisely perceived to be a 
valid concept in the absence of fraudulent 
or misrepresentation of material facts.’’° 

Mills has suggested six steps to deter- 
mine whether or not informed consent was 
given: (1) was the patient legally capable 


10 Title 88 Public Health—Georgia Medical Consent Law— 
Section 88—2906X—1971, pp. 348, 440. 


Name 


Signature 


of giving medical consent; (2) was the 
patient mentally capable of such consent; 
(3) was the proposed procedure adequately 
identified for the patient; (4) was the pa- 
tient aware of the identity of the person 
who was going to perform the procedure; 
(5) was there sufficient disclosure of the 
hazard of the proposed procedure to permit 
the patient to weigh the risks and benefits 
to himself; and (6) has there been sufficient 
disclosure of significant feasible alternatives 
to the proposed procedure to allow the pa- 
tient to complete his own risk versus benefit 
determination.'! The authors suggest that 
a radiation therapist be prepared to prove 
in court that each one of these questions 
was answered satisfactorily before admin- 
istering treatment. 

Gorpon D. VeGario, M.D. 
Radiation Therapist 
Saint Joseph Medical Center 
Burbank, California 91505 


Tuomas E. Russert, J.D. 


Private Practice of Law 
Los Angeles, California 
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PEDIATRIC AND NEWBORN 
RADIOLOGY SEMINAR 


The University of Colorado School of 
Medicine announces the Fourth Annual 
Pediatric and Newborn Radiology Seminar 
to be held February 9 through 13, 1976, at 
the Given Institute of Pathobiology in 
Aspen, Colorado. 

The Seminar covers all aspects of Pedi- 
atric and Neonatal Radiology including the 
latest advances in the field. The Course 
Director is Richard L. Wesenberg, M.D., 
Pediatric Radiologist, University of Colo- 
rado School of Medicine. 

The seminar is approved for 15 hours of 
Category 1 credit for the AMA Physicians 
Recognition Award. The registration fee 
for the five days is $150.00. 

Reservations and further information 
may be obtained by writing to: The Office 
of Postgraduate Medical Education, Uni- 
versity of Colorado School of Medicine, 
Cont. C295, 4200 East gth Avenue, Den- 
ver, Colorado 80220. 


EUROPEAN SOCIETY OF CARDIO- 
VASCULAR RADIOLOGY 


The next meeting of the European Car- 
dio-Vascular Society will be held on May 
13 through 15, 1976 in Lyon, France. 

Topics will include: dysplasia of the 
renal artery; obstructive myocardiopathy; 
and automatic injection. 

For further information, please contact: 
Professeur F. Pinet, Service de Radiologie, 
Hopital Cardio-Vasculaire, B. P. Lyon 
Montchat, 69394 Lyon Cedex 3, France. 


19 TH ANNUAL POSTGRADUATE 
COURSE IN DIAGNOSTIC 


RADIOLOGY 
This five day course will be presented in 
San Francisco, California, March 15 


through March 19, 1976. 

The course is designed to provide a sur- 
vey of selected subdivisions of diagnostic 
radiology for the radiologist in clinical 


practice. The faculty of this Course is com- 
prised of faculty of the Department of 
Radiology, University of California School 
of Medicine, San Francisco and an interna- 
tional Guest Faculty. The complete fee of 
$225 includes tuition and hardbound pub- 
lication of proceedings, replete with illus- 
trative photographs. Interns, Residents 
and members of the Armed Forces will be 
admitted for $150 with a letter of verifica- 
tion. 

For further information, please write to: 
Extended Programs in Medical Education, 
Room C-135G, University of California, 
San Francisco, California 94143. 


POSTGRADUATE COURSE IN 
GYNECOLOGIC ONCOLOGY 

A Postgraduate Course in Gynecologic 
Oncology is presented by the Women’s 
Hospital Medical Center, Long Beach, 
California, January 16-18, 1976. 

This two and one-half day program is 
designed to acquaint the practicing gyne- 
cologist, radiologist, pathologist, and med- 
ical oncologist with recent advances and 
current concepts in the diagnosis and man- 
agement of gynecologic cancer. In addi- 
tion to formal presentations by a distin- 
guished faculty, ample time for informal 
question and answer periods has been pro- 
vided to encourage maximal discussion be- 
tween the faculty and participants. 

This continuing medical education activ- 
ity is acceptable for 15 hours of Category 
I credit toward the Physicians’ Recogni- 
tion Award of the AMA. 

Further information may be obtained 
from the Executive Secretary, Center for 
Health Education, 2801 Atlantic Avenue, 
Long Beach, California go8o1. 


SIXTH ANNUAL ASPEN RADIOLOGY 
CONFERENCE 
The Sixth Annual Aspen Radiology Con- 
ference will be held at the Aspen Institute 
for Humanistic Studies, Aspen, Colorado, 


March 1-5, 1976. 
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The conference is designed for physicians 
and scientists interested in diagnostic radi- 
ology, nuclear medicine and radiation 
therapy, and will explore the impact of 
clinical and technological advances on 
radiologic practice. 

The topics for discussions will include 
advances in cardiovascular, gastrointes- 
tinal, bone and neuroradiology involving a 
tri-radiological approach. Each morning 
session will survey the advances in a single 
radiology subdivision as a refresher course 
with independent parallel diagnostic, nu- 
clear medicine and therapy sessions. In- 
structive cases, illustrating these topics 
and previewed by the audience, will be pre- 
sented for open discussion in the after- 
noons. 

Sessions will be held in the early morning, 
late afternoon and evening allowing ade- 
quate time for leisure activities such as 
skiing and other winter sports. 

For further information, please write to: 
Aspen Radiology Conference, Beth Israel 
Hospital, 1818 Gaylord Street, Denver, 
Colorado 80206. 


DIAGNOSTIC AND THERAPEUTIC 
ANGIOGRAPHY 


The Society for Cardiovascular Radiol- 
ogy is sponsoring a four day postgraduate 
course in angiography on February 17-20, 
1976, at the Fl-Conquistator Hotel and 
Club in Puerto Rico. 

A series of lectures dealing with current 
concepts of diagnosis and therapeutic uses 
of angiography will be presented by the 
faculty. They will lecture on the tech- 
niques, diagnostic findings, interpretation, 
potential complications, advantages and 
limitations of the different procedures. The 
lectures will be followed by periods of open 
discussion allowing the registrants to par- 
ticipate. 

The course has been accredited by the 
American College of Radiology for 20 
credit hours of AMA Category I. 

For further information, please write to: 
Department of Radiology, University of 


News Items 


NOVEMBER, 1975 


Utah College of Medicine, Salt Lake City, 
Utah 84132. 
DETECTION AND TREATMENT 
OF EARLY BREAST CANCER 

The Fifteenth Annual Conference on De- 
tection and Treatment of Early Breast 
Cancer, including the Fourth Annual Wen- 
dell G. Scott Memorial Lecture, will be 
held at Caesars Palace, Las Vegas, Nevada, 
March 8-12, 1976. The conference is 
sponsored and arranged by The American 
College of Radiology and The Commission 
on Cancer, Division on Diagnosis and the 
Committee on Mammography and Dis- 
eases of the Breast; and supported by The 
American Cancer Society, and The Ameri- 
can College of Radiology. 

For further information, please write to: 
The American College of Radiology, 6900 
Wisconsin Avenue, Chevy Chase, Mary- 
land 20015. 


POSTGRADUATE VIDEOTAPE 
COURSES IN DIAGNOSTIC 
RADIOLOGY 

The Department of Radiology, Univer- 
sity of California San Francisco, is offering 
a series of Videotape courses in various 
aspects of diagnostic radiology. These 
Postgraduate Videotape Programs are com- 
prehensive and represent the current state 
of the art. An outstanding group of guest 
lecturers, in addition to the staff at the 
University of California, teach basic ap- 
proaches to radiographic interpretation and 
technique. Current concepts and contro- 
versies highlight these topics. 

The following courses are presently 
available on videotape: 


1. Neuroradiology didactic lectures— 
25 hours 

. Neuroradiology conferences 
seminars—25 hours 

3. Computerized 

hours 

Gastrointestinal radiology—25 hours 


and 


we 


tomography—25 





4. 

ç. Pediatric radiology—25 hours 

6. Cardiopulmonary radiology—1I2 
hours 


7- 


Vor. 125, No. 3 News Items 745 


Genitourinary radiology—12 hours 
Skeletal radiology—12 hours 
Diagnostic ultrasound—12 hours 
Nuclear medicine—12 hours 
Technical aspects of radiology —12 
hours 


Category 1 credit for AMA Physicians 


— 
P a 


—_ 


Recognition Program may be obtained. 

For further information, please write to: 
Videotape Course Coordinators, T. H. 
Newton, M.D., or Henry I. Goldberg, 
M.D., Department of Radiology, Univer- 
sity of California, San Francisco Campus, 
San Francisco, California 94143. 
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BOOK REVIEWS 


TOMOGRAPHY AND Cross SECTIONS OF THE 
Ear. By Galdino E. Valvassori, M.D., and 
Richard A. Buckingham, M.D. Cloth. Pp. 
200, with 510 illustrations. Price, $65.00. 
W. B. Saunders Company, West Washington 
Square, Philadelphia, Pa. 19105, 1975. 


Many of you may not remember that knowl- 
edge and understanding of anatomy do not 
come easily. Compounding the complexity 
comes with correlating the three dimensional 
reality with two dimensional representations. 
The authors of this beautiful book have made 
available the tools necessary for attaining both 
the knowledge and the correlation. 

This is an elegant, leisurely, complete atlas 
of the tomographic anatomy of the temporal 


bone. It is written from the point of view of 


both the radiologist and the surgeon. Tomo- 
graphic sections of the isolated normal temporal 
bone were made at I mm intervals through the 
bone. The temporal bone was then decalcified 
and cut into 2 mm slices, in the same plane as 
the tomograms. The upper and lower surfaces 
of each of these slices were photographed in 
color, and each photograph is presented with 
(1) each corresponding tomographic cut, (2) a 
microroentgenogram of the slice, (3) a well- 
labeled drawing of the visualized structures, 
and (4) an elaborate word description. This 
procedure was carried out in each of six differ- 
ent roentgenographic projections, and required 
between 12 and 18 tomographic exposures for 
each projection. The reproduction of the illus- 
trations is superb and they are life size. 

The normal anatomy occupies somewhat 
more than one-half of the book. Selected patho- 
logical temporal bones ate examined and pre- 
sented in a similar manner. These demonstrate 
congenital abnormalities, acute and chronic in- 
flammatory lesions, and postoperative and de- 
generative changes. 

This volume is a complete atlas of tomograms 
and is a definitive study of this type. It will be 
a vast mine of information for the young radiol- 
ogist who wants to learn; a convenient, well or- 
ganized accurate B for the sometime 
otologist or otologic radiologist; and the polish 
and finishing touch to the complete otologic 
radiologist. 


E. FREDERICK Lang, M.D. 


THE BioLocy AND CiinicAL MANAGEMENT OF 
BLappER Cancer. Edited by E. H. Cooper, 
M.D., D.Sc., D.Phil., F.R.C.P., Mackintosh 
Professor of Experimental Pathology and 
Cancer Research, University of Leeds; and 
R: E: Williams, M.D., Ch.M., F.R.C.S.E., 
Consultant Urologist, General Infirmary at 
Leeds, England. Cloth. Pp. 293, with 52 il- 
lustrations. Price, $38.75. Blackwell Scien- 
tific Publications, Oxford, London, Edin- 
burgh, and Melbourne. J. B. Lippincott Com- 
pany, East Washington Square, Phila- 
delphia, Pa. 19105, 1975. 


Within this book of eleven chapters, three 
appendices, 293 pages, and contributions by 
eight international authors (two American, one 
Swedish and the remainder English) the 
editors have incorporated a large sum of infor- 
mation and material gathered over many years 
of investigation of bladder cancer. 

As stated in its preface, “the management of 
this form of cancer is controversial” and the 
purpose of the book is to bring up to date “what 
can (sic) and has been done in the management 
of bladder cancer.” 

The first chapters dealing with present day 
experimentation, tumor biological character- 
istics, and epidemiology express the fact “we 
are” strongly “becoming aware that many 
cases of bladder cancer are no act of God but a 
disease which stems from environment.” 

The middle chapters dealing primarily with 
bladder cancer pathology are well written and 
summarized, and they point out particularly 
the variable behavior and types of bladder can- 
cer, and the pathologists’ enigma in stating 
dlaznods, prognosis, and course to the clinician. 
Perhaps by inference but nonetheless noticeable 
is the difference that exists in medical care and 
delivery between the United States and social- 
istic medicine in Great Britain. One whole 
chapter in a short book is devoted to “Cytology 
in the Diagnosis of Bladder Cancer”? as an in- 
direct method of postoperative bladder cancer 
follow-up and an industrial screening pro- 
cedure. The accepted and more definitive pro- 
cedure for these situations in the United States 
is cystoscopy. One can speculate at length on 
the reasons fostering the more indirect follow- 
up approach. 
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Advances in immunology in relation to blad- 
der cancer are presented in one chapter. 
Though yet investigative, the findings may ex- 
plain that the “subtle differences in tumor be- 
havior are due to the uniqueness of individual 
host-tumor relationship.” 

The last chapters of diagnosis and therapy 
are based upon today’s knowledge. They are 
critically discussed as to their implementation 
and to their limitations. The chapter on “Total 
Cystectomy” gives an excellent rational ap- 
proach to therapy based on physical, labora- 
tory, and histological criteria of staging and 
grading. It is a pleasant article to read, as the 
author departs from the usual manner of listing 
references within the body of the text, and lists 
them only at the end of the article. 

The last chapter deals with the rarely en- 
countered but interesting phenomenon of 
“Total Urothelial Neoplasia,” and tries to ex- 
plain pathogenicity on the basis of knowledge 
presented in the previous chapters. 

A concise, readable book, this organizes 
present information on bladder cancer, and 
suggests goals for the future. It is a worthwhile 
book for the student and deliverer of care to the 
patient with bladder cancer, and an adjunct 
book for the pathologist and radiologist. 

Rosert C. THumann, M.D. 


BOOKS RECEIVED 


OrTHOPEDIC Diseases: Puysio.ocy, PATHOLOGY, 
Raproocy. Fourth edition. By Ernest Aegerter, 
M.D., Emeritus Professor of Pathology, Temple 
University Health Sciences Center, Philadelphia, 
Pa.; and John A. Kirkpatrick, Jr., M.D., Radiolo- 
gist-in-Chief, The Children’s Hospital Medical 
Center; Professor Radiology, Harvard Medical 
School, Boston, Mass. Cloth. Pp. 792, with many 
illustrations. Price, $30.00. W. B. Saunders Com- 
pany, West Washington Square, Philadelphia, 
Pa. 19105, 1975. 

Basic Rapiation Brotocy. Second edition. By 
Donald J. Pizzarello, Ph.D., Professor in Radiol- 
ogy, New York University Medical Center, New 
York, N. Y.; and Richard L. Witcofski, Ph.D., 
Professor in Radiology, Associate in Neurology, 
The Bowman Gray School of Medicine of Wake 
Forest University, Winston-Salem, N. C. Cloth. 
Pp. 143, with 42 illustrations. Price, $11.75. Lea 
& Febiger, Washington Square, Philadelphia, Pa. 
19106, 1975. 

Puysicrans’ Desk REFERENCE FoR RADIOLOGY AND 
Nucrear Mepicine. Editorial Consultants: Leon- 
ard M. Freeman, M.D., Associate Professor of 
Radiology, Albert Einstein College of Medicine; 
and M. Donald Blaufox, M.D., Ph.D., Associate 
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Professor of Radiology and Medicine, Albert 
Einstein College of Medicine. Cloth. Pp. 308. 
Price, $9.50. Medical Economics Company, Ora- 
dell, N. J. 07649, 1975. 

Coronary ARTERIAL VARIATIONS IN THE NORMAL 
HEART AND IN ConceniraL HEART DISEASE. By 
Zeev Vlodaver, M.D., Senior Research Associate 
in Cardiovascular Pathology, Miller Division— 
United Hospitals, St. Paul and Research Associate, 
Graduate School, University of Minnesota, Min- 
neapolis, Minn.; Henry N. Neufeld, M.D., Chief, 
Heart Institute, Chaim Sheba Medical Center, 
Tel-Hashomer; and Professor of Medicine and 
Chaim Sheba Professor of Cardiology, Sackler 
School of Medicine, Tel Aviv University, Tel 
Aviv, Israel; and Jesse E. Edwards, M.D., Direc- 
tor of Laboratories, Miller Division—United 
Hospitals, St. Paul; and Professor of Pathology, 
Graduate School, University of Minnesota, Min- 
neapolis, Minn. Cloth. Pp. 171, with many illus- 
trations. Price, $12.50, Academic Press, Inc., 
Publishers, 111 Fifth Avenue, New York, N. Y. 
10003, 1975. 

RapiopioLocy Examination Review Book: goo 
MULTIPLE CHOICE Questions AND REFERENCED 
Answers. By Thongbliew Prempree, M.D., Ph.D., 
Associate Professor of Radiology, Division of 
Radiotherapy, University of Maryland Hospital, 
Baltimore, M.D.; Anas M. El-Mahdi, M.D., 
Sc.D., Professor of Radiology, University of 
Virginia School of Medicine, Charlottesville, Va.: 
James Shaeffer, Ph.D., Associate Professor of 
Radiology, University of Virginia School of Medi- 
cine, Charlottesville, Va.; and S. C. Barranco, 
Ph.D., Associate Professor of Biology, Division of 
Cell Biology, Department of Human Biological 
Chemistry and Genetics, University of Texas 
Medical Branch, Galveston, Texas. Paper. Pp. 
128, with some figures. Price, $7.50. Medical 
Examination Publishing Co., Inc., 65-36 Fresh 
Meadow Lane, Flushing, N. Y. 11365, 1975. 

Tuirp Nationat Cancer Survey: INcIDENCE 
Data. Prepared by: Biometry Branch, Division 
of Cancer Cause and Prevention, National Cancer 
Institute. Edited by: Sidney J. Cutler, Sc.D., and 
John L. Young, Jr., Dr. P. H. National Cancer 
Institute Monograph 41, March, 1975. DHEW 
Publication No. (NIH 75-787). U. S. Department 
of Health, Education, and Welfare, Public Health 
Service, National Institutes of Health, National 
Cancer Institute, Bethesda, Md. Cloth. Pp. 464: 
Price, $10.45. Superintendent of Documents, U. S. 
Government Printing Office, Washington, D. C. 
20402, 1975. 

THE RapioLtocic Ciinics or NORTH AMERICA. 
April, 1975, Volume XIII, Number 1. Symposium 
on Orthopedic Radiology. Guest Editor, Tom W. 
Staple, M.D. Cloth. Pp. 166, with many illustra- 
tions. W. B. Saunders Company, West Washing- 
ton Square, Philadelphia, Pa. 19105, 197s. 
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Tue RaproLtocic Criinics oF NORTH AMERICA. Head of External Relations, Liverpool Polytech- 
August, 1975, Volume XIII, Number 2. Sym- nic, England; Formerly, Senior Course I utor in 
posium on Neonatal Radiology. Guest Editor, Medical Science; and Graham J. Russell, Vice- 


Bernard J. Reilly, M.D., F.R.C.P.(C). Cloth. Principal, Central Liverpool College of Further 
Education, England; Formerly, Head of Teacher 
Education Unit. Paper. Pp. 83. Price, Sw.fr. 15.—. 
World Health Organization, Geneva. (WHO Of- 
set Publication No. 21: ISBN 92 4 170021 1.) Q 


Pp. 220, with many illustrations. W. B. Saunders 
Company, West Washington Square, Philadelphia, 


Pa. 16108, 1976. 


TRAINING OF Mepicat LABORATORY TECHNICIANS: Corporation, 49 Sheridan Avenue, Albany, N. Y. 
A HanpsBook For Turors. By Alex McMinn, 12210, 1975. 
IRS 
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SOCIETY PROCEEDINGS . 








MEETINGS OF RADIOLOGICAL SOCIETIES* 


UNITED STATES oF AMERICA 

AMERICAN RoentGEN Ray Soclery 
Secretary, Dr. James Franklin Martin, 300 S. Haw- 
thorne Rd., Winston-Salem, N. C. 27103. Annual Meet- 
ing: Washington Hilton, Washington, D. C., Sept. 20-24, 
1976. 

AMERICAN Rapium Society 
Secretary, Richard H. Jesse, Dept. of Surgery, M. D. 
Anderson Hosp. and Tumor Institute, Houston, Tex. 
77025. Annual Meeting: Bayshore Inn, Vancouver, B. C., 
Canada, May 9-14, 1976. 

RADIOLOGICAL Socieryor NORTH AMERICA 
Secretary, Dr. Theodore A. Tristan, Harrisburg, Pennsyl- 
vania. Annual Meeting: McCormick Place on the Lake, 
Chicago, Ill., Nov. 30-Dec. $, 1975. 

AMERICAN COLLEGE or RapIOLoGy 
Executive Director, William C. Stronach, 20 N. Wacker 
Drive, Chicago, Ill. 60606. Annual meeting. 

Section on RapioLocy, AMERICAN MEDICAL ASSOCIATION 
Secretary, Dr. Antolin Raventos, Davis, Calif. Annual 
Meeting. 

AMERICAN Boarn or Rapio.ocy 
Secretary, Dr. C. Allen Good. Correspondence should be 
directed to Kahler East, Rochester, Minn. ssgot. 
Oral examinations will be held: Statler Hilton, Dallas, 
Texas, Dec. 8-13, 1975; Marriott Motor Hotel, Chicago, 
Ill., June 14-19, 1976; Sheraton Biltmore, Atlanta, Ga., 
Dec. 6-11, 1976. 

Applications must be received in the Board Office 
before Sept. 30 of the year preceding the one in which the 
candidate wishes to be examined. 

Deadline for filing applications for any examination in 
1976 is September 30, 1975. 

AMERICAN Boarp or NucLear Menicine, Inc. A Conjoint 
Board of the American Boards of Internal Medicine, 
Pathology and Radiology and sponsored by the Society 
of Nuclear Medicine. 

Application forms and further information are avail- 
able from the American Board of Nuclear Medicine, 
305 E. 45th St., New York, N. Y. 10017. 

AMERICAN AssociaATION OF Puysicists IN MEDICINE 
Secretary, Dr. Robert G. Waggener, Dept. Radiol., Univ. 
Tex. Health Sciences Center, San Antonio, Tex. 78284 
Annual Meeting: 

AMERICAN SOCIETY OF THERAPEUTIC RADIOLOGISTS 
Secretary, Dr. Robert W. Edland, 1836 South Ave., La 
Crosse, Wis., £4601. Annual Meeting: 

AMERICAN NUCLEAR SOCIETY 
Program Chairman, Werner K. Kern, IRD, Space 
Nuclear Systems, F 309, U. S. Atomic Energy Commis- 
sion, Washington, D.C. 20545. 

American INSTITUTE OF ULTRASOUND IN MEDICINE 
Secretary, John M. Reid, Ph.D., 556 18th Ave., Seattle, 
Wash. 98122. Annual Meeting. 

AMERICAN SOCIETY oF NEURORADIOLOGY 
Secretary, Dr. David O. Davis, Department of Radiology, 
go1 Twenty-third St., N.W., Washington, D. C. 20037. 
Annual Meeting. 

FOURTEENTH INTERNATIONAL Concress or RADIOLOGY 
Rio de Janeiro, Brazil, Oct. 23-29, 1977. 

President Elect: Prof. Dr. Nicola C. Caminha; General 
Secretary: Dr. Durval Couto. Av. Churchill, 97-50 and- 
LC-39 20,000 Rio de Janeiro, Brazil. 


INTERNATIONAL Society oF RADIOLOGY 
Hon. Secretary-Treasurer, Prof. W. A. Fuchs, M.D., De- 
partment of Diagnostic Radiology, University Hospital, 
Inselspital, CH-3010 Bern, Switzerland. 

TWELFTH INTER-AMERICAN CONGRESS OF RADIOLOGY 
President, Dr. Publio Vargas Pazzos, Casilla 5227, 
Guayaquil, Ecuador. Meeting in Quito, Ecuador, 1979. 

INTER-AMERICAN COLLEGE OF RADIOLOGY 
President, Manuel Viamonte, Jr., M.D., Mt. Sinai Medi- 
cal Center, 4300 Alton Rd., Miami Beach, Fla. 33140. 
Secretary, Gaston Morillo, M.D., Jackson Memorial 
Hosp., 1700 N.W. 1oth Ave., Miami, Fla. 33152. 
Counselor for the United States, J. A. del Regato, M.D., 
Univ. of So. Fla. College of Medicine, 13000 No. 3oth St., 
Tampa, Fla. 33612. 

THIRD CONGRESS OF THE EUROPEAN ASSOCIATION OF 
RaDIOLoGy 
Secretary-General, P.O. Box 14, 79 Lauriston Place, Edin- 
burgh BHI IDB, Scotland. 

SECOND ASIAN AND Oceanian Concress oF RapIoLocy 
Secretary, Dr. Buenaventura U. V. Angtuaco, Congress 
Secretariat Headquarters, 2161 Taft Ave., Manila, Philip- 
pines. Meeting: Manila, Philippines, Nov. 10-14, 1975. 

ALABAMA CHAPTER oF ACR 
Secretary-Treasurer, Dr. Lawrence E. Fetterman, 1720 
Springhill Ave., Suite 201, Mobile, Ala. 36604. Meets 
time and place of Alabama State Medical Association. 

Axaska RapioLocicat Society, CHuaprer ACR 
Secretary-Treasurer, Dr. Maurice J. Coyle, 3200 Provi- 
dence Ave., Anchorage, Alaska 99504. 

AMERICAN OsTEOPATHIC COLLEGE OF RADIOLOGY 
Annual Scientific Meeting: Americana Hotel, Bar Harbor, 
Fla. Program Administrator: Lawrence J. Jordan, D.O., 
Suite 21, Ponce American Bldg., 4601 Ponce de Leon 
Blvd., Coral Gables, Fla. 33146. 

AMERICAN THERMOGRAPHIC SOCIETY 
Secretary-Treasurer, John Wallace, Ph.D., Dept. Radiol., 
Thomas Jefferson Univ. Hosp., Philadelphia, Pa. 19107. 
Annual Meeting. 

Arizona RapioLocicat Society, CHAPTER oF ACR 
Secretary, Dr. Irwin M. Freundlich, 1501 N. Campbell 
Ave., Dept. Radiol., Tucson, 85724. Two regular meet- 
ings a year. Annual meeting at time and place of State 
en Association and interim meeting six months 
ater. 

Ark-La-Tex RapIoLoaicaL Society 
Secretary, Dr. Erich K. Lang, Confederate Memorial 
Medical Center, LSU School of Medicine, Shreveport, 
La. 7I101. 

ARKANSAS CHAPTER oF ACR 
Secretary-Treasurer, Dr. Richard Seibold, Jr., Wadley 
Hosp., Texarkana, Ark.—Tex. 75501. Meets twice annu- 
ally, the Spring Meeting being in conjunction with and 
at the place of the State Medical Association. 

ASSOCIATION OF University Rapio.ocistrs 
Secretary-Treasurer, Dr. Arch W. Templeton, Univ. of 
Kansas Med. Center, 39th and Rainbow Blvd., Kansas 
City, Kansas 66103. Annual Meeting. 

ATLANTA RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. James H. Larose, South Fulton 
Hosp., 1170 Cleveland Ave., East Point, Ga. 30344. 
Meets 4 times during the academic year at an Atlanta 
Restaurant. 


* Secretaries of societies are requested to send timely information promptly to the Editor. 
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BAVARIAN-AMERICAN RAapIoLoGIC SOCIETY 
Secretary, LTC. Marco J. DiBiase, M.D., Radiology 
Service, Heidelberg, 130 Station Hosp., APO N. Y. 09102. 
Meets quarterly. 

BLockLeYy RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. William H. Green, 616 East 24th 
St., Chester, Pa. 19013. 

BLUEGRASS RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Eugene Slusher, Lexington 
Clinic, 1221 S. Broadway, Lexington, Ky. 40504. The 
Society meets once each month during the school year. 

Bronx Rapio.ocicat Society, New York STATE, CHAP- 
TER ACR 
Secretary-Treasurer, Dr. Leon J. Corbin, 1369 Rosendale 
Ave., Bronx, N. Y. 10472. Meets 4 times a year. 

BrooxLYN RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Ralph Brancaccio, 7901 4th 
Ave., Brooklyn, N. Y. 11209. Meets first Thursday of 
each month, October through June. 

BurraLo RADIOLOGICAL SOCIETY 
Secretary, Dr. George J. Alker, Jr., E. J. Meyer Mem. 
Hosp., Buffalo, N. Y. 14215. Meets second Monday 
evening each month, October to May inclusive, at Uni- 
versity Club. 

CALIFORNIA RADIATION THERAPY ASSOCIATION 
Secretary-Treasurer, Dr. Duane J. Gillum, Stanford Medi- 
cal Center, Stanford, Calif. 94304. Meets semiannually in 
San Francisco and Los Angeles. 

CALIFORNIA RADIOLOGICAL SOCIETY, CALIFORNIA CHAPTER 
or ACR 
Secretary-Treasurer, Dr. John L. Gwinn, 4650 Sunset 
Blvd., Los Angeles, Calif. 90027. 

CatTawBa VALLEY RADIOLOGICAL SOCIETY 
Secretary, Dr. Walter Joe Jacumin, P.O. Box 265, 
Rutherford College, N. C. 28671. Meets the last Thurs- 
day of every month, Holiday Inn, Morganton, N. C. at 
7330 P.M. 

CENTRAL New York RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Alfred Brettner, Auburn Mem. 
Hosp., Auburn, N. Y. 13021. Meets first Monday each 
month October through May. 

CENTRAL OH10 RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Daniel E. Lewis, 309 East State 
St., Columbus, Ohio 43215. Meets second Thursday in 
October, November, January, March, and May at Fort 
Hayes Hotel, Columbus, Ohio. 

CENTRAL TEXAS Rapio.Locy Society 
Secretary-Treasurer Dr. E. Jerome Schoolar, Scott and 
White Clinic, Temple, Tex. 76501. Meets the fourth 
Monday of each month at Ponderosa Hotel, Temple, 
Tex. at 7:00 P.M. 

CuicaGo Rapio.LocicaL Society, DIVISION OF THE 
ILLINoIs RADIOLOGICAL Society, CHAPTER OF ACR 
Secretary-Treasurer, Dr. Harold J. Lasky, 55 E. Wash- 
ington St., Suite 1735, Chicago, Ill. 60602. Meets third 
Thursday of each month, October to April, except De- 
cember, at the Bismark Hotel, Chicago, Ill. 

CLEVELAND RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Charles M. Greenwald, 7007 
Powers Blvd., X-Ray Dept., Parma, Ohio 44129. Meet- 
ings at 7:00 P.M. on fourth Monday of October, Novem- 
ber, January, February, March and fifth Monday of April. 

CoLoraDo RADIOLOGICAL SOCIETY, CHAPTER OF ACR 
Secretary, Dr. John Pettigrew, Denver, Colo. Meets 
third Friday of each month at Denver Athletic Club 
from September through May. 

Connecticut VALLEY RADIOLOGIC SOCIETY 
Secretary, Dr. Gerald N. LaPierre, 759 Chestnut St., 
Springfield, Mass. o1107. Meets in April and October. 

Datias-Fort WortH RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Robert R. Burns, 1400 Stem- 
mons Ave., Dallas, Tex. 75208. Meets the 3rd Monday 
of every month at 6:30 P.M., at the Airport Hotel, Arling- 
ton, Tex. 
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DELAWARE CHAPTER OF ACR 
Secretary, Dr. Ekkehard S. Schubert, Wilmington Med. 
Center, P. O. Box 1951, Wilmington, Del. 19899. 

East Bay RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Richard H. Culhane, 4 Vista del 
Mar, Orinda, Calif. 74563. Meets first Thursday each 
mane Oct. through May, at University Club, Oakland, 
Calif. 

East TENNESSEE RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. George H. Wood, 205 Medical 
Arts Bldg., Knoxville, Tenn. 37902. Meets in January 
and September. 

FLoripA RaApDIoLoGIcAL SociETY, CHAPTER OF ACR 
Secretary. Dr. Paul J. Popovich, 1350 S. Hickory St., 
Melbourne, Fla. 32901. Meets twice annually, in the 
spring with the Annual State Society Meeting and in 
the fall. 

Fioripa West Coast RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Herbert Johnson, Davis Blvd., 
Tampa, Fla. 33606. Meets on 4th Thursday of the 
months January, March, May, October, and November. 

GeorGiA RADIOLOGICAL SOCIETY, CHAPTER OF ACR 
Secretary, Dr. E. P. Rasmussen, Piedmont Prof. Bldg., 35 
Collier Rd., N.W., Atlanta, Ga. 30309. 

GREATER CINCINNATI RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Owen L. Brown, 2421 Auburn 
Ave., Cincinnati, Ohio 45219. 

GREATER Kansas Crry RADIOLOGICAL SOCIETY 
President-Secretary, Dr. Jay I. Rozen, Suite 216, 6400 
Prospect, Kansas City, Mo. 64132. Meets 5 times a year. 

GREATER LOUISVILLE RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. L. D. LeNeave, 315 E. Broad- 
way, Louisville, Ky. 40202. Meets monthly. 

GREATER Miami RADIOLOGICAL SOCIETY 
Secretary, Dr. David C. Hillman, P. O. Box 610544, North 
Miami, Fla. 33161. Meets monthly, third Wednesday at 
8:00 P.M. at various member hospitals, Miami, Fla. 

GREATER St. Louis Society oF RADIOLOGISTS 
Secretary-Treasurer, Dr. Donald Callahan, Northland 
Med. Bldg., Jennings, Mo. 63136. 

Hawai Rapio.ocicaL Society, CHAPTER OF ACR 
Secretary-Treasurer, Dr. Michael J. McCabe, Straub 
Clinic and Hosp., Honolulu, Hawaii 96813. Meets third 
Monday of each month at 7:00 P.M. 

HEALTH Puysics SOCIETY 
Secretary, Russell F. Cowing, P.O. Box 156, E. Wey- 
mouth, Mass. 02189. Annual Meeting. 

Houston RADIOLOGICAL SOCIETY 
Secretary, Dr. Neill B. Longley, 6436 Fannin, Suite 601, 
Houston, Tex. 77025. Meets fourth Monday of each 
month, except June, July, August and December, at 6:00 
P.M., at 103 Jesse H. Jones Library Building, Texas 
Medical Center, Houston, Tex. 77025. 

IpaHo State RaproLocicat Society, CHAPTER OF ACR 
Secretary-Treasurer, Dr. John H. Truksa, 1605 Park Ave., 
Nampa, Id. 836<1. Meets in the spring and fall. 

ILLINoIs RADIOLOGICAL Society, Inc., CHAPTER OF ACR 
Secretary, Dr. Robert D. Dooley, Hinsdale Med. Cen- 
ter, Hinsdale, Ill. 60521. Meets in the spring and fall. 

Inpiana RoentcEN Society, Inc., CHapTrer oF ACR 
Secretary, Dr. John A. Knote, Home Hosp., Lafayette, 
Ind. 47902. 

Iowa RapioLocicaL Society, CHAPTER OF ACR 
Secretary-Treasurer, Dr. Dale L. Roberson, 1948 First 
Ave., NE, Cedar Rapids, Iowa 52402. Luncheon and 
business meeting during annual session of Iowa State 
Medical Society. The scientific session is held in the 
autumn. 

Kansas Rapro.ocicat Society, CHAPTER OF ACR 
Secretary-Treasurer, Dr. Ralph H. Baehr, 310 Medical 
Arts Bldg., Topeka, Kan. 66604. Meets in spring with 
State Medical Society and in winter on call. 

Kentucky CHAPTER or ACR 
Secretary-Treasurer, Dr. Bernard Sams, St. Joseph In- 
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firmary, 735 Eastern Parkway, Louisvlle, Ky. 40217. 
Meets in April and September. 
Kincs County Raptotocicat Sociery 
Secretary, Dr. Sidney Hendler, 1880 Ocean Ave., Brook- 
lyn 30, N. Y. Meets Kings County Med. Soc. Bldg. 
monthly on fourth Thursday, October to May, 8:45 p.m. 
KNOXVILLE RapDIOLocIcaL Soclety 
Secretary, Dr. Clifford L. Walton, Blount Professional 
Bldg., Knoxville 20, Tenn. Meetings are held the third 
Monday of every other month at the University of 
Tennessee Memorial Research Center and Hospital. 
Lone Istanp RapioLocicaL Society 
Secretary, Dr. Harry L. Stein, North Shore Univ. Hosp., 
300 Community Dr., Manhasset, N. Y. 1 1030, 
Los AnGELEs Rapio.oaicat Society 
Secretary, Dr. Arthur F. Schanche, 333 North Prairie 
Ave., Inglewood, Calif. 90301. Meets second Wednesday 
of month in September, November, January, April and 
June at Los Angeles County Medical Association Build- 
ing, Los Angeles, Calif. Midwinter Radiological Con- 
ference. Century Plaza Hotel, Los Angeles, Calif. 


Loutstana Raprotocicat Society, CHAPTER oF ACR 
Secretary-Treasurer, Dr. Roger H. Tutton, 1514 Jeffer- 
son Hwy., New Orleans, La. 70121. 

Louistana-Texas Gur Coast RADIoLocIcaL SoclETY 
Secretary-Treasurer, Dr. J. Gardiner Bourque, 3155 Stagg 
Dr., Suite 230, Doctors Bldg., Beaumont, Texas 77701. 

Marne Raprotocicat Sociery, Cuaprer or ACR 
Secretary-Treasurer, Dr. Peter E. Giustra, Dept. Radiol- 
ogy, Penobscot Bay Medical Center, Rockland, Maine 
04841. Meets in June, September, December and April, 


Maryann RapioLocicaL Society, CHaprer or ACR 
Secretary, Dr. David S. O’Brien, Anne Arundel Hosp., 
Annapolis, Md. 21401. 

MassacHusetts RADIOLOGICAL Society, CHAPTER oF ACR 
Secretary, D1. Joseph T. Ferrucci, Jr., Massachusetts 
Gen. Hosp., Boston, Mass. 02114. 

Mempuis RoentceEn Society 
Secretary-Treasurer, Dr. R. Randolph Ramey, Baptist 
Memorial Hosp., 899 Madison Ave., Memphis, Tenn. 
38146. Meets first Monday Oct. through June at the 
University Club. 

Miami Varley Rapto.ocica Society 
Secretary, Dr. Bert Must, I.B.M. Bldg., Dayton, Ohio. 
Meets third Thursday of fall, winter and spring months 
at 7:30 P.M. at Miami Valley Hospital, Dayton, Ohio. 

Micuican Raptotocicat Society, CHAPTER or ACR 
Secretary-Treasurer, Dr. Francis P. Shea, Harper Hos- 
pital, 3825 Brush St., Detroit, Mich. 48201. Meets 
monthly, first Thursday, October through May, at 
David Whitney House, 1010 Antietam, at 6:30 P.M. 

Micnican Society or THERAPEUTIC RADIOLOGISTS 
Secretary-Treasurer, Dr. Delmar Mahrt, William Beau- 
mont Hosp., Detroit, Mich. 48072. Meets bi-monthly 
during the academic year. 

Mip-Hupson Raprotoaicat Soctery 
Secretary-Treasurer, Dr. William D. Stiehm, 37 Flower 
Hill Rd., Poughkeepsie, N. Y. 12603. Meets 7:00 P.M., 
first Wednesday of each month, September to May. 

MILwauKEE RoentceEn Ray Society 
Secretary-Treasurer, Dr. Thomas C. Lipscomb, 1004 
North Tenth St., Milwaukee, Wis. 53233. Meets monthly 


on fourth Monday, October through May, at University 
Club. 

Minnesora Rapioocicat Sociery, CHAPTER or ACR 
Secretary-Treasurer, Dr. Marvin E. Goldberg, Box 292, 
Mayo Memorial Health Sciences Center, Minneapolis, 
Minn. 55455. 

preter State Raprotocicat Society, CHAPTER OF 


Secretary-Treasurer, Dr. Edward L. Gieger, 969 Lake- 
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land Dr., Jackson, Miss..39216. Meets third Thursday, 
excluding summer monte at the Primos Northgate 
Rest., Jackson at 6:30 P.M. 

Missourt Rapro.ocicat Sociery, CHAPTER oF ACR 
Secretary-Treasurer, Dr. Ronald G. Evens, Mallinckrodt 
Institute of Radiology, 510 S. Kingshighway, St. Louis, 
Mo. 63110. 

Montana Rapiotocicat Society, CHAPTER oF ACR 
Secretary, Dr. C. H. Agnew, Room 102, Doctors Bldg., 
Billings, Mont. <gtor. 

NEBRASKA CHAPTER OF ACR 
Secretary-Treasurer, Dr. Robert Bodmer, Suite 622 Doc- 
tors Bdg., Omaha, Neb. 68131. Meets the third Wednes- 
day of the month, Oct. through March, at the Clarkson 
Hosp., Omaha, Neb. and the fourth Friday of April at 
the Lincoln Country Club, Lincoln, Neb. 

Nevapa RaptotoaicaL Society, CHAPTER OF ACR 
Secretary, Dr. Charles F. Veverka, Carson Tahoe Hosp., 
Carson City, Nev. 89701. 

N.E. Socrery ror RADIATION OncoLocy 
Secretary, Dr. C. C. Wang, Mass. Gen. Hosp., Boston, 
Mass. 02114. 

New Encianp Roentcen Ray Society 
Secretary, Dr. Melvin E. Clouse, 185 Pilgrim Rd., 
Boston, Mass. 02115. Meets the third Friday of Oct. and 
Nov., and third Thurs. of each month. Jan. through May, 
excluding December, at The Longwood Towers, 20 
Chapel Street, Brookline, Mass. at 3:00 P.M. Annual 
Meeting: May 20, 1976. 

New Hampsuire Roentcen Ray Society, CHAPTER OF 
ACR 
Secretary-Treasurer, Dr. Edward P. Kane, Claremont 
Gen. Hosp., Claremont, N. H. 03743. Meets four to six 
times yearly. 

New Mexico Society oF Rapiotocists, CHAPTER OF ACR 
Secretary, Dr. W. M. Jordan, 1100 Central Ave. S.E., 
Albuquerque, N. M. 87106. Four meetings annually, 
three held in Albuquerque, N. M., and one held at time 
and place of New Mexico State Medical Society annual 
meeting. 

New Orteans RapioLocicaL Society, Ine. 
Secretary-Treasurer, Dr. Jimmy L. Mains, P.O. Box 446, 
Gretna, La. 70053. Meets bimonthly at local restaurants 
selected by the President. Spring Conference. 

New York RoentcEnN Society 
Secretary-Treasurer, Dr. Thomas C. Beneventano, 111 
Fast 210th St., Bronx, N. Y. 10467. Meets monthly on 
the 3rd Monday at the New York Academy of Medicine 
at 4:30 P.M. Annual Spring Conference, Waldorf-Astoria 
Hotel, New York, N. Y., April 22-24, 1976. A.M.A. Cat. 
I credit. Further information may be obtained from Dr. 
Albert A. Dunn, Roosevelt Hosp., New York, N. Y. 
10019. 

New York Strate Cuaprer or ACR 
Secretary-Treasurer, Dr. Albert F. Keegan, 6 Secor Dr., 
Port Wash., N. Y. 11050. 


NorTH AMERICAN Society oF CarpiAac RADIOLOGY 
Secretary-Treasurer, Dr. Erik Carlson, Univ. Calif., 
San Francisco, Calif. 94143. 


NortH Caro.ina CHAPTER oF ACR 
Secretary-Treasurer, Dr. Ernest B. Spangler, Wesley Long 
Hosp., Greensboro, N. C. 27402. Meets twice a year. The 
Spring Meeting is held at the time of the meeting of the 
North Carolina Medical Society. The Fall Meeting is held 
in November at the Mid Pines Club, Southern Pines, 
Pe 

Nortu Dakota RaproLoaica Society, CHAPTER oF ACR 
Secretary, Dr. Marshall Landa, P. O. Box 6001, Fargo, 
N. D. 58102. Meets at time of State Medical Association 
meeting. Other meetings arranged on call of the President. 

Norrtx Fioripa Rapio.ocicaL Society 
Secretary, Dr. David F. Bew, University Hospital of 
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Jacksonville, 655 W. Eighth Street, P.O. Box 2751, 
Jacksonville, Fla. 32203. Meets quarterly in March, 
June, September and December. 

NORTHEASTERN OKLAHOMA RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Theodore J. Brickner, Jr., 5919 
S. Gary Place, Tulsa, Okla. 74110. 

NORTHEASTERN New York RADIOLOGICAL SOCIETY 
Secretary, Dr. Donald R. Morton, Dept. of Radiology, 
‘St. Clare’s Hosp., Schenectady, N. Y. 12304. Meets in 
Albany area on third Wednesday of October, November, 
March, April, and May. 

NORTHERN CALIFORNIA RADIATION THERAPY ASSOCIATION 
Secretary-Treasurer, Dr. John D. Earle, Stanford Medical 
Center, Stanford, Calif. 94304. Meets quarterly. 

NORTHERN CALIFORNIA RADIOLOGICAL SOCIETY 
Secretary, Dr. Patrick J. Grinsell, 1207 Fairchild Ct., 
Woodland, Calif. 95695. Meets on the fourth Monday, 
ait through May at the Mansion Inn, Sacramento, 

alif. 

NORTHWESTERN New York RADIOLOGICAL SOCIETY 
Secretary, Dr. Barbara E. Chick, Glens Falls Hospital, 
Glens Falls, N. Y. 12801. 

NORTHWESTERN Ou10 RADIOLOGICAL SOCIETY 
Secretary, Dr. Richard W. Siders, 421 Michigan, Toledo, 
ee 43624. Meets 3rd Wednesday from September to 

ay. 

Onto Strate Rapiotocicat Sociery, CHAPTER OF ACR 
Secretary, Dr. James Farmer, Cleveland, Ohio. 

ars gi SraTE RADIOLOGICAL SOCIETY, CHAPTER OF 
A 
Secretary, Dr. George H. Ladd, 4616 Denison, Muskogee, 
Okla. 74401. Meets in January, May and October. 

OranGE County RADIOLOGICAL SOCIETY 
Secretary, Dr. William E. Danko, 2601 E. Chapman, 
Orange, Calif. 92667. Meets on fourth Tuesday of the 
month, excluding June, July, August, and December, at 
haa County Medical Association Bldg., Orange, 

alif. 

Orecon Strate RanioLoGIcAL Society, CHAPTER oF ACR 
Secretary-Treasurer, Dr. Ray F. Friedman, 3324 S. W. 
44th St., Portland, Ore. 97221. Meets on second Wednes- 
day of month, October through April, at the University 
Club, Portland, Ore. 

Or.eans ParisH RADIOLOGICAL SOCIETY 
Secretary, Dr. Joseph V. Schlosser, Charity Hospital, 
New Orleans, La. 70113. Meets second Tuesday of each 
month. 

Paciric NortrHwest RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Kenneth D. Moores, 1118 gth 
Ave., Seattle, Wash. 98101. Annual Meeting: Benson 
Hotel, Portland, Ore., May 7-9, 1976. 

PENNSYLVANIA RapioLocicaL Society, CHAPTER OF ACR 
Secretary, Dr. Joseph A. Marasco, Jr., St. Francis General 
Hosp., Pittsburgh, Pa. 19141. 

PHILADELPHIA ROENTGEN Ray SOCIETY 
Secretary, Dr. Marvin E. Haskin, 230 N. Broad St., 
Philadelphia, Pa. 19102. Meets first Thursday of each 
month ats P.M., from October to May in Thompson Hall, 
College of Physicians. 

PITTSBURGH ROENTGEN SOCIETY 
Secretary, Dr. Klaus M. Bron, Presbyterian-Univ. Hosp., 
Pittsburgh 15213. Meets second Wednesday of month, 
September through May, at the Pittsburgh Athletic As- 
sociation. 

RADIATION RESEARCH SOCIETY 
Executive Secretary, Richard J. Burk, Jr., 4211 39th St., 
N.W., Washington, D. C. 20016. Annual Meeting. 

RADIOLOGICAL SOCIETY OF Connecticut, INC., CHAPTER 
or ACR 
Secretary, Dr. Gerald L. Baker, 85 Jefferson St., Hartford, 
Conn. 06106. Meets in Oct., Jan., March, and June. 

RADIOLOGICAL SOCIETY OF GREATER CINCINNATI 
Secretary-Treasurer, Dr. Alvin Nathan, c/o Academy of 
Medicine, 320 Broadway, Cincinnati, Ohio 45202. Meets 
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first Monday of each month at Cincinnati Academy of 
Medicine. 

RADIOLOGICAL SOCIETY oF New JERSEY, CHAPTER OF ACR 
Secretary, Dr. Fred M. Palace, 11 Dale Dr., Morristown, 
N.J. 07960. Monthly meetings in East Orange and 
Trenton, N.J. Semi-Annual Meeting in Nov. 

RADIOLOGICAL Society OF RHODE IsLanp, CHAPTER OF ACR 
Secretary-Treasurer, Dr. Daniel J. Alves, Rhode Island 
Hosp., Providence, R. I. 02902. 

RADIOLOGICAL SOCIETY OF SOUTHERN CALIFORNIA 
Secretary-Treasurer, Dr. A. Franklin Turner, LAC-USC 
Medical Center, Room 3418, 1200 North State St., Los 
Angeles, Calif. 90033. Meets three times a year, usually 
October, February and May. 

RADIOLOGICAL SOCIETY OF THE STATE OF NEW YORK 
Secretary-Treasurer, Dr. John W. Colgan, 273 Hollywood 
Ave., Rochester, N. Y. 14618. 

Repwoop Empire RADIOLOGICAL SOCIETY 
Secretary, Dr. Charles E. Carter, 121 Sotoyome St., 
Santa Rosa, Calif. 95405. Meets second Monday every 
other month. 

RicumMonp County RADIOLOGICAL SOCIETY 
Secretary, Dr. Frederick S. Vines, 11830 Rothbury Dk; 
Richmond, Va. 2323s. Meets third Thursday of each 
month at the Aberdeen Barn. 

Rocuesrer Roentcen Ray Society, Rocuester, N. Y. 
Secretary-Treasurer, Dr. Robert J. Bruneau, Rochester 
General Hosp., Rochester, N. Y. 14621. Quarterly meet- 
ings on the call of the President, at the Rochester 
Academy of Medicine. 

Rocky Mountain RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Lorenz R. Wurtzebach, 4200 EB. 
Ninth Ave., Denver, Colo. 80220. Annual Meeting: 

San Antonio-Civittan Mitirary RADIOLOGICAL SOCIETY 
Secretary, Dr. James R. Stewart, Oak Hills Medical Ctr., 
San Antonio, Tex. 78209. Meets third Wednesday of 
each month at Fort Sam Houston Officers Club at 
6:30 P.M. 

San Dieco RADIOLOGICAL SOCIETY 
President, Dr. Donald J. Fleischli, 7849 Fay Ave., La 
Jolla, Calif. 92037. Meets the first Wednesday of each 
month Sept. through June at the University Club. 

San Francisco RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Robert L. Koch, 3838 Cali- 
fornia St., Suite 106, San Francisco, Calif. 94118. 

SECTION ON RapIoLocy, CALIFORNIA MEDICAL ASSOCIATION 
Secretary, Dr. William H. Graham, 630 East Santa Clara 
St., San Jose, Calif. 

Section on RaproLocy, Mepicat Society oF THE Dis- 
TRICT OF COLUMBIA 
Secretary-Treasurer, Dr. Albert M. Zelna, 21 Masters Ste 
Potomac, Md. 20854. Meets at Medical Society Library, 
third Wednesday of January, March, May and October 
at 8:00 P.M. 

Section oF Raprotocy, NATIONAL MEDICAL AssociaTION 
Secretary, Dr. Ruby Brooks, Dept. Radiol., Veterans 
Adm. Hosp., P.O. Box 511, Tuskogee, Ala. 36083. Annual 
Meeting. 

Section on RADIOLOGY, SOUTHERN MEDICAL ASSOCIATION 
Secretary, Dr. Mario A. Calonje, 1514 Jefferson Highway, 
New Orleans, La. 70121. Annual Meeting. 

Secrion on Rapio.ocy, Texas MEDICAL ASSOCIATION 
Secretary, Dr. George F. Crawford, St. Elizabeth Hospi- 
tal, Beaumont, Tex. Meets annually with the Texas 
Medical Association. 

SHREVEPORT RADIOLOGICAL CLUB 
Secretary, Dr. W. R. Harwell, 608 Travis St., Shreveport, 
La. Meets monthly on third Wednesday at 7:30 P.M., 
September to May inclusive. 

SocieTy For PEDIATRIC RADIOLOGY 
Secretary-Treasurer, Dr. John P. Dorst, 601 N. Broad- 
way, Baltimore, Md. 21205. Annual meeting: Marriott 
Hotel, Atlanta, Ga., Sept. 28-29, 1975. 
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Society OF GAstRO-INTESTINAL RADIOLOGISTS 
Secretary-Treasurer, Dr. John R. Amberg, University 
Hospital, 225 W. Dickinson St., San Diego, Calif. 92103. 

Society or NUCLEAR MEDICINE 
Secretary, Dr. E. James Potchen, Edward Mallinckrodt 
Institute of Radiology, 660 S. Euclid Ave., St. Louis, 
Mo. 63110. Administrative Officer, Mrs. Margaret Glos, 
211 E.43rd St., New York, N.Y. 10017. Annual Meeting. 

SoutH Bay RADIOLOGICAL SOCIETY 
Secretary, Dr. Robert Mindalzun, Valley Radiologists, 
Inc., 100 O’Connor Dr., San Jose, Calif. 95128. Meets 
the 2nd Monday of each month at the Santa Clara 
County Medical Society Bldg., 700 Empey Way, San 
Jose, Calif. 

SoutH Caro.ina RADIOLOGICAL Society, CHAPTER OF ACR 
Secretary, Dr. George W. Brunson, 1406 Gregg St 
Columbia, S. C. Annual meeting (primarily business) 
in conjunction with the South Carolina Medical Associa- 
tion meeting in May. Annual fall scientific meeting at 
time and place designated by the president. 

SourH Coast Raprotocicat Society CHAPTER or ACR 
Secretary-Treasurer, Dr. Richard T. Love, Santa Bar- 
bara Med. Clin., 215 Pesetas Lane, Santa Barbara, 
Calif. 93110. Meets fourth Tuesday of alternate months, 
Sept., Nov., Jan., March and May. 

SoutH Dakota RADIOLOGICAL Society, CHAPTER oF ACR 
Secretary, Dr. M. F. Petereit, 2416 S. Phillips, Sioux 
Falls, S. D. 57105. Meets in spring with State Medical 
Society and in fall. 

SOUTHERN CALIFORNIA RADIATION THERAPY ASSOCIATION 
Secretary-Treasurer, Dr. Duane J.Gillum, 250 W. Pueblo 
St., Santa Barbara, Calif. 93105. Meets quarterly, 

SOUTHERN RADIOLOGICAL CONFERENCE 
Secretary-Treasurer, Dr. J. W. Maxwell, P.O. Box 2144 
Mobile Ala. 36601. Annual Meeting: Grand Hotel, Point 
Clear, Ala., Jan. 30-Feb. 1, 1976. 

TENNESSEE RADIOLOGICAL Society, CHAPTER or ACR 
Secretary-Treasurer, Dr. Jerry W. Grise, Methodist 
Hosp., 1265 Union Ave., Memphis, Tenn. 38104. Meets 
annually at the time and place of the Tennessee State 
Medical Association meeting. 

Texas State RADIOLOGICAL Society, CHAPTER or ACR 
Secretary, Dr. Francis E. O’Neill, 1128 Nix Prof. Bdg., 
San Antonio, Tex. 78205. 

THE FLEISCHNER SOCIETY 
Secretary, Dr. E. Robert Heitzman, State University of 
New York Upstate Medical Center, Syracuse, N. Y. 
13210. Annual Meeting: 

Tri-STaTE RapioLocicat Society 
Secretary, Dr. Thomas Harmon, St. Mary’s Hosp., Evans- 
ville, Ind. 47750. Meets bimonthly on the third Wednes- 
day at area Hospitals. 

Upper Peninsuta Rapro.ocicat Society 
i Mia Dr. A. Gonty, Menominee, Mich. Meets quar- 
terly. 

Uran Strate RADIOLOGICAL Society, CHAPTER or ACR 
Secretary-Treasurer, Dr. Patrick D. Lester, Dept. Radiol., 
University of Utah Medical Center, Salt Lake City, 
Utah 84112. Meets quarterly at Holy Cross Hospital. 

VERMONT RADIOLOGICAL Society, CHAPTER or ACR 
Secretary, Dr. J. Lorimer Holm, R.R. #3, Barre, Vt. 05641. 

VIRGINIA CHAPTER or ACR 
Secretary-Treasurer, Dr. Charles P. Winkler, 3500 Ken- 
sington Ave., Suite 2-A, Richmond, Va. 23221. 

Wasuincton, D. C., CHAPTER or ACR 
Secretary-Treasurer, Dr. Robert M. Allen, 9312 Convento 
Terr., Fairfax, Va. 22030. 

Maran STATE RADIOLOGICAL SOCIETY, CHAPTER OF 
A 
Secretary-Treasurer, Dr. Donald J. Hesch, 3216 N.E. 
45th Place, Seattle, Wash. 98105. 

West Virainia RaAnioLoGicaL Society, CHAPTER or ACR 
Secretary-Treasurer, Dr. Andrew W. Goodwin, II, 200 
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Med. Arts Bldg., Charleston, W. Va. 25301. Meets con- 
currently with annual meeting of West Virginia State 
Medical Society, other meetings arranged by program 
committee. 

WESTCHESTER County RADIOLOGICAL SOCIETY 
Secretary, Dr. Leonard Cutler, 16 Guion Place, New 
Rochelle, N. Y. 10802. Meets on second Tuesday of 
October, December, February and May. 

Wisconsin Rapro.ocicat Society, CHAPTER oF ACR 
Secretary-Treasurer, Dr. June Unger, Wood VA Hosp., 
Wood, Wis. 53193. Meets twice a year, May and Sep- 
tember. 

Wisconsin Society oF THERAPEUTIC RADIOLOGISTS 
Secretary, Dr. Alvin Greenberg, Radiother. Ctr., Univ. 
Hospitals, Madison, Wis. 53706. Meets quarterly. 

WyominG Rapiotocicat Society, CHAPTER or ACR 
Secretary, Dr. Ross J. Collie, Box 96, Lander, Wyo. 82520. 
Meets in fall with State Medical Society and in spring 
on call of President. 


Mexico, Puerto Rico AND CENTRAL AMERICA 


AsociaciOn COSTARRICENSE DE RADIOLOGÍA 
Secretary, Dr. Rafael Umaña-Umaña, Apartado 8-5 340, 
San José, Costa Rica. 

AsociacONn DE RapiéLocos DE CENTRO AMERICA Y 
Panamá. Comprising: Guatemala, El Salvador, Hon- 
duras, Nicaragua, Costa Rica and Panamá 
Secretary-General, Dr. Francisco Miranbell Solis, Apar- 
tado 3352, San José, Costa Rica, Central America. Meets 
annually in a rotating manner in the six countries. 

SOCIEDAD DE RADIOLOGÍA DE SALVADOR 
Secretary, Dr. Carlos Meijia, sa Av. Nte. No. 434, San 
Salvador, Rep. El Salvador. 

SOCIEDAD DE RADIOLOGÍA DE GUATEMALA 
Secretary, Dr. Carlos E. Escobar, 9’, Calle A o-05, Zona 1, 
Guatemala 

SOCIEDAD MEXICANA DE RapioLocía, A.C. 

Coahuila No. 35, México 7, D.F., México. 
Secretary-General, Dr. Jorge Cano Coquí. Meets first 
Monday of each month. 

SocieDaD RapIoLocica PANAMEÑA 
Secretary, Dr. L. Arrieta Sánchez, Apartado No. 6323, 
Panama, R. de P. Meets monthly in a department of 
radiology of a local hospital chosen at preceding meeting. 

SocieDAD RapioLocica DE Puerto Rico 
Secretary, Dr. César Rosa, Box 9387, Santurce, Puerto 
Rico 00908. Meets second Thursday of each month at 
8:00 P.M. at the Puerto Rico Medical Association Bldg. 
in San Juan. 


British COMMONWEALTH OF NATIONS 


AssociaATION OF RADIOLOGISTS OF THE PROVINCE OF 
QUEBEC 
121 Boul. Taschereau, Greenfield Park, P. Q., Canada. 
Meets four times a year. 

BritisH Instirute oF RADIOLOGY 
Honorary Secretaries, D. H. Traspnell, M. Cohen, 32 
Welbeck St., London, W1iM/7PG, England. 

CANADIAN ASSOCIATION OF Puysicists, Division or MED- 
ICAL AND BIoLoGIcaL Puysics 
Honorary Secretary-Treasurer, Dr. R. G. Baker, Ontario 
Cancer Foundation, Ottawa Civic Clinic, 1053 Carling 
Ave., Ottawa 3, Ont., Canada. 

CANADIAN ASSOCIATION OF RADIOLOGISTS 
Honorary Secretary, Dr. Ross O. Hill, Suite 806, 1440 St. 
Catherine St. West, Montreal 107, Que., Canada. 
Annual Meeting: 

EpMonTON AND District RapioLocica Sociery 
Secretary, Dr. L. A. Koller, Suite 360, Professional Bldg., 
10830 Jasper Ave., Edmonton 15, Alberta, Canada. 
Meets third Thursday of each month October to May, 
except December, at various Edmonton Hospitals. 
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FacuLTY oF RADIOLOGISTS 
Honorary Secretary, P. D. Thomson, 28 Portland Pl., 
London, WIN 4DE. 

MonrrEAL RapioLoGIcaL Srupy CLuB 
Secretary, Dr. W. Paul Butt, Montreal General Hospital, 
Montreal, Que., Canada. Meets first Tuesday evening, 
October to April. 

Secrion OF RADIOLOGY OF THE RoyaL Society or MEDI- 
CINE (CONFINED To MepicaLt MEMBERS) 

Meets third Friday each month at 8:15 p.m. at the Royal 
Society of Medicine, 1 Wimpole St., London, W. 1 
M8AE, 1 England. 

SociETE CANADIENNE-FRANGCAISE DE RADIOLOGIE 
Secretary-General, Dr. Hubert Sasseville, Verdun Hospi- 
tal, Montréal, P. Q., Canada. Meets every third Tuesday 
from October to April. 

Tue Hospirav PHYSICISTS’ ASSOCIATION 
Honorary Secretary, J. B. Massey, B.Sc., Christie Hosp. 
and Holt Radium Institute, Physics Department, W1- 
thington, Manchester M20 9BX, England. 

Toronto RADIOLOGICAL SOCIETY 
Secretary, Dr. George Wortzman, Toronto General Hosp., 
Toronto 12, Ont., Canada. Meets second Monday of 
each month, September through May. 

Tue Roya AUSTRALASIAN COLLEGE OF RADIOLOGISTS 
Honorary Secretary, Dr. T. P. Loneragan, 45 Macquarie 
St., Sydney, N.S.W. 2000, Australia. 


SOUTH AMERICA 


CoLécio BRASILEIRO DE RADIOLOGIA 
Secretary-General, Dr. José Marcos Pires de Oliveira, 
Caixa Postal 5984, Sao Paulo, Brazil. 

FEDERACIÓN ARGENTINA DE SOCIEDADES DE RADIOLOGÍA 
Branches of the Federation are: Sociedad de Radidélogos 
de la Provincia de Cérdoba; Sociedad Argentina de Ra- 
diologia; Asociación Argentina de Radiología; Sociedad 
de Radiologia, Radioterapéutica y Medicina Nuclear de 
Rosario; Sociedad de Radiologia y Medicina Nuclear del 
Centro y Sudeste de la Provincia de Buenos Aires (Mar 
del Plata); Sociedad Saltefia de Radiologia y Medicina 
Nuclear; Sociedad de Radiologia de Tucuman; Sociedad 
de Radiologia del Nordeste Argentino; Sociedad de Ra- 
ag de La Plata; and Sociedad de Radiologia de San 

uan. 
Secretary-General-Treasurer, Dr. Roberto Habichayn, Av. 
Colón 637, Córdoba, Argentina. 
Congress will be organized by Sociedad de Radiologia, 
Radioterapéutica y Medicina Nuclear de Rosario in 1975. 

SOCIEDAD ARGENTINA DE RADIOLOGÍA 
Secretary-General, Dr. Alba de la Torre, Santa Fé 1171, 
Buenos Aires, Argentina. Meets first Wednesday evening, 
April through December. 

SociEDAD BoLIvIANA DE RADIOLOGÍA 
Secretary, Dr. Javier Prada Méndez, Casilla 1182, La 
Paz, Bolivia. Meets monthly. General assembly once 
every two years. 

SOCIEDADE BRASILEIRA DE RADIOLOGIA 
Secretary, Dr. Armando Rocha Amoédo, Caixa Postal 
1532, Rio de Janeiro, Brazil. General Assembly meets 
every two years in December. 

SOCIEDADE BRASILEIRA DE RADIOTERAPIA 
Luiz Antonio, 644, São Paulo, Brazil. Meets monthly on 
second Wednesday at 9:00 P.M. in São Paulo at Av. 
Brigadeiro Luiz Antonio, 644. 

SocIEDAD CHILENA DE RADIOLOGÍA 
Secretary, Dr. Manuel Neira, Casilla 13426, Santiago, 
Chile. Meets first Friday of each month at Av. Santa 
Maria 1810 at 7:00 P.M. 

SOCIEDAD COLOMBIANA DE RADIOLOGÍA 
Secretary-General, Dr. Gustavo Sánchez Sánchez, Bogotá, 
Colombia. Meets last Thursday of each month. 

SocCIEDAD ECUATORIANA DE RADIOLOGÍA 
Secretary, Dr. Luis Blum, Casilla 3712, Guayaquil, Ecua- 
dor. 
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SocIıeDAaAD PARAGUAYA DE RADIOLOGÍA 
Secretary, Dr. Hugo Volpe Rios, 15 de Agosto 322, 
Asunción, Paraguay. 

SociEDAD Peruana DE RADIOLOGÍA 
Secretary-General, Dra. Ladis Delpino, Av. General 
Santa Cruz No. 315, Miraflores, Lima, Perú, Casilla 
Correo, 2306, Lima, Perú. Meets monthly except during 
January, February, and March. 

SocIEDAD DE RADIOLOGÍA DEL ATLANTICO 
Secretary, Dr. Raul Fernandez, Calle 40 #41-110, Baran- 
quilla, Colombia. Society meets monthly at the Instituto 
de Radiologia. 

SOCIEDAD DE RADIOLOGÍA DEL NORDESTE ARGENTINO 
Secretary-General, Dr. Francisco J. Velar, Catamarca 561, 
Corrientes, Argentina. 

SOCIEDAD DE RaDIoLoGia DE LA PLATA 
Secretary, Dr. Hiram D. Haurigot, Calle 50 No. 374, La 
Plata, Argentina. 


SocIEDAD DE RADIOLOGÍA, 
MÉDICA DEL URUGUAY 
Secretary-General, Dr. Manuel Gonzáles Maseda, Av. 
Agraciada 1464, piso 13, Montevideo, Uruguay. 

SOCIEDADE DE RADIOLOGÍA DE PERNAMBUCO 
Secretary, Dr. Manoel Medeiros Instituto de Radiologia 
da Faculdade de Medicina da Universidade do Recife, 
Caixa Postal 505, Pernambuco, Brazil. 

SocIEDAD DE RoENTGENOLOGÍA Y MEDICINA NUCLEAR DE 
LA PROVINCIA DE CÓRDOBA 
Secretary-General, Dr. Lucas C. Di Rienzo, Ave. Grl. 
Paz. 151, Córdoba, Argentina. 

SocIEDAD DE RADIOLOGÍA, RADIOTERAPÉUTICA Y MEDICINA 
NUCLEAR DE Rosario 
Secretary-General, Dr. Federico Fragola, Santa Fe 1798, 
Rosario, Argentina. 

SocrEDAD SALTENA DE Rapio.Locia y MEDICINA NUCLEAR 
Treasurer, Dr. Julio Luis Baldi, Av. Sarmiento 536, Salta, 
Argentina. 

SociEDAD VENEZOLANA DE RaproLocia y Mepicina Nu- 
CLEAR 
Secretary-General, Dr. Salvador Itriago Borgas, Apartado 
Postal 9213, Candelaria, Caracas, Venezuela. Meets 
monthly, third Friday at Colegio Médico del Distrito 
Federal, Caracas. 


CANCEROLOGIA Y Fisica 


CONTINENTAL EUROPE 


OsTERREICHISCHE RÖNTGEN-GESELLSCHAFT 
Secretary, Dr. Ernst Kotcher, Wiener Allgemeine Poli- 
klinik Mariannengasse 10, A-1090 Wien, Austria. Meets 
second Tuesday of each month in Allgemeine Poliklinik. 


SociETE RoyvaLe BELGE DE RADIOLOGIE 
General Secretary, Dr. Joseph Baeyens, Alost, Belgium. 
Meets in February, March, May, June, September, 
October, November and December. 

SociETE EUROPÉENNE DE RADIOLOGIE PÉDIATRIQUE 
Secretary, Dr. J. Corbaton, Clinica Infantil “La Paz,” 
Av. Generalissimo, 117 Madrid 34, Spain. Annual Meet- 
ing: 

Puai Secretary, Clément Fauré, Hôpital des Enfants 
Malades, 149, ruede Sèvres, 75 730, Paris Cadet 15, France. 

Socréré FRANCAISE, DE Raprotocie MÉDICALE, MÉDECINE 
NUCLÉAIRE ET eroa, and its branches: Soci- 
ÉTÉ DU SUD-OUEST, DU LITTORAL MÉDITERRANÉEN, DU 
CENTRE ET Lyonnais, DU NoRrD, DE L'OUEST, DE LV'EsT, 
pu Massir CENTRAL, D'OUTRE-MER ET D'ETRANGER. 
Parent Society meets third Monday of each month, ex- 
cept during July, August and September, rue de Seine- 
12, Paris, France. l 
Secretary-General, Dr. Ch. Proux, 9 rue Daru, Paris 
75008, France. 

SociETE FRANÇAISE DE NEURORADIOLOGIE 
Secretary-General, Professeur agr. R. Djindjian 16, rue 
de l’Université 75, Paris 7°, France. Annual meeting. 
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ČESKOSLOVENSKÁ RADIOLOGICKA SPOLEČNOST 
Secretary, Associate Professor Jaromír Kolář, M.D., 
Sc.D., Radiological Clinic, Praha 2, U nemocnice 2, 
Czechoslovakia. Meets monthly except during July, 
August and September. Annual general meeting. 

DEUTSCHE RÖNTGENGESELLSCHAFT 
President, Professor Dr. med. Walter Frommhold, Di- 
rector of Medizinisches Strahleninstitut der Universität 
Tübingen, Röntgenweg 11, 7400 Tübingen, Germany. 

Facutty oF RapioLocists oF THE RoyaL COLLEGE OF 
SURGEONS IN IRELAND 
Honor. Secretary, Max. J. Ryan, St. Stephen’s Green, 
Dublin 2. Annual Meeting: 

SocietA Iratiana pi Raprorocia Mepica E MEDICINA 
NUCLEARE 
Administrative Secretary, Prof. E. Conte, Ospedale 
Mauriziano, 10128 Torino, Italy. Meets annually. 

Socieras Rapio.ocica Danica 
Secretary, Dr. Bent Langenfeldt, Tretommervej 20a, DK. 
8240 Risskov, Denmark. 

NEDERLANDSE VERENIGING voor RADIOLOGIE 
Secretary, Dr. J. D. Mulder, Dept. of Rad., Akademisch 
Ziekenhuis, Leiden, Netherlands. 

Norsk Foreninc ror Mepicinsk RADIOLOGI 
General Secretary, Gunnar Stake, Rikshospitalet, Oslo, 
Norway. 

SCANDINAVIAN RADIOLOGICAL SOCIETY 
Secretary-General, Professor C. F. Unnérus, M.D., Haga- 
lung- apiola, Havsvindsvägn 5 C., Finland. Annual 
Meeting. 

SocıepaD EspaÑoLa pe RapioLocía y ELECTROLOGÍA 
MeEpicas y DE MEDICINA NUCLEAR 
Secretary-General, Dr. Pilar Gallar Barberá, Villanueva, 
11, Madrid 1, España. Meets every other Saturday eve- 
ning of each month, Oct. to June, inclusive, in Madrid. 

SocCIEDADE PorruGuesa pe RapioLocia E MEDICINA 
NUCLEAR 
Secretary-General, Dr. Luís Aires de Sousa, Av. Elias 
Garcia, 123- 1, Esg.-Lisboa i-Portugal. 

Svensk FOreENING FOR Mepicinsk RADIOLOGI 
Secretary, Dr. Hanz Ringertz, Réntgendiagnostika Av- 
delningen, Karolinska Sjukhuset 104 01 Stockholm 60, 
Sweden. 

SCHWEIZERISCHE VEREINIGUNG FUR RapioLocie, Nu- 
KLEARMEDIZIN UND STRAHLENBIOLOGIE (ASSOCIATION 
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SutssE DE RADIOLOGIE, MÉDECINE NUCLÉAIRE ET DE 
RADIOBIOLOGIE) 

Secretary, Dr. med. Gustav Schoch, Bethesdaspital, Gel- 
lerstrasse 144, 4000 Basel, Switzerland. 


ASIA 


BENGAL RADIOLOGICAL ASSOCIATION 
Honorary Secretary, Dr. B. Chatterji, 262 Rash Behari 
Ave., Calcutta 700019, India. Meets 1st Fri. and 3rd 
Wed. of every month. 

InpIAN RADIOLOGICAL ASSOCIATION 
Honor. Gen. Secretary, Dr. S. P. Aggarwa', 10-B Kasturba 
Ghandi Marg, New Delhi iioooi. 28th Indian Congress of 
Radiology will be held in Hyderabad in 1975. 

INDONESIAN RADIOLOGICAL SOCIETY 
Secretary, Dr. Gani Iljas Sasmitaatmadja, Radiology 
Dep., Faculty of Medicine, University of Indonesia, 
Salemba 6, Jakarta, Indonesia. 

IRANIAN RapDIOLocicaL SocieErY 
Secretary, Dr. Majid Rooholamini, P.O. Box No. 14-1151, 
Teheran, Iran. The Society meets on the second Satur- 
day of each month. 

IsraEL RADIOLOGICAL Society 
Secretary, Dr. M. A. Lerner, Hesharon Hosp., Petah- 
Tigva, Israel. 

PHILIPPINE COLLEGE oF RADIOLOGY 
Secretary-Treasurer, Dr. Eduardo V. Nievera, Box 1284 
Commercial Center, Makati, Rizal D-708, Philippines. 
Meets every second Thursday of the month. 

RADIOLOGICAL SOCIETY oF THAILAND 
Secretary, Prof. Rojana Suvansuthi, M.D., Ph.D., 
Depart. of Rad., Sirizaj Hospital, Faculty of Medicine, 
Mahidol University, Bangkok 7, Thailand. 


AFRICA 


AssociaTION OF Rapio.ocists oF West AFRICA 
Honorary Secretary, C. A. Beetlestone, MB. BS., 
D.M.R.D., Dept. Radiol., University College Hosp., 
Ibadan, Nigeria. 

RADIOLOGICAL SOCIETY OF SOUTH AFRICA 
Secretary, Dr. A. Visser, P. O. Box 8850, Johannesburg, 
South Africa. 

SOUTH AFRICAN INTERNATIONAL RADIOLOGICAL CONGRESS 
Director, Dr. Paul Sneider, P.O. Box 4878, Johannesburg, 
South Africa. 
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ROENTGEN DIAGNOSIS 
HEAD 
Poisson, M., Buce, A., Fovirtakt P; 


Maté, G., Hucuenin, P., Morin, P., 
GavuTtIER, H., and Parrot, R. Traitement 
des glioblastomes inopérables par une com- 
binaison d’adriamycine, de VM 26 et de 
CCNU. (Treatment of inoperable glioblas- 
tomas using a combination of adramycin, 
VM 26 and CCNU. Presse méd., July, 1975, 
4, 1957-1961. (Address: M. Poisson, G1oupe 
hospitalier Pitié-Salpétricre, 83, boulevard 
de Hôpital, F. 75634 Paris, France.) 


Since the first use of chemotherapy for solid 
tumors, it has been demonstrated that certain 
nitroso-urea derivatives, in particular 1, (2-chloro- 
ethyl)-3-cyclohexyl-1-nitrosourea (CCNU), have a 
marked effectiveness as far as the progression of pri- 
mary malignant cerebral tumors is concerned. More 
recently, anımal experiments have shown that the 
effects of CCNU may be potentiated by 4-dimethyl- 
epipedophylotoxine beta-D-thenylideneglucoside 
(VM 26) and adriamycin. 

These three drugs were used sequentially in the 
treatment of 18 patients with inoperable glioblas- 
toma. Tolerance to the drugs is quite satisfactory, 
and toxicity is limited to the bone marrow, with no 
change in liver or kidney function. The only impor- 
tant effect is diminution in the number of platelets 
during the first three weeks of each cycle of treat- 
ment. Occasionally the thrombocytopenia required 
delaying the beginning of the next cycle of treat- 
ment. In only 2 of 11 cases did the level fall as far as 
40,000 per cubic mellimeter. 

Objective evidence of improvement was obtained 
in 12 of the 18 patients. Five returned to their previ- 
ous life habits and style. One of these, a distinguished 
physician who was initially aphasic, returned to his 
practice successfully. The other seven were able to 
take care of their basic needs by themselves, and 
could thus return to their families. The improvement 
varied from a few months to more than ten months 
in the most favorable cases. 

These objective results in both duration and qual- 
ity of survival are encouraging and point to new 
progress in the chemotherapy of globlastomas.— 
Augmented published English abstract 


PRATHER, JERRY L., Lonc, Joun M., van 
Heertum, Ronatp and Harpman, Jonn. 
Multicentric and isolated multifocal glioblas- 
toma multiforme simulating metastatic dis- 
ease. Brit. T. Radiol., Jan., 1975, 48, 10-15. 
(Address: Jerry L. Prather, M.D., William 
Beaumont Army Medical Center, El Paso, 
Texas.) 


Roentgenographic differentiation of solitary vas- 
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cular cerebral metastases from glioblastoma multi- 
forme may be impossible. However the demonstra- 
tion of multiple vascular cerebral tumors by arteri- 
ography and g9™ Tc pertechnetate brain scanning 
usually denotes the presence of metastatic lesions or 
rarities such as hemangioblastoma, multiple men- 
ingiomas, and multiple vascular neuromas of von 
Recklinghausen’s disease. 

The frequency of occurrence of multifocal (i.e. 
tumors with gross or microscopic continuity, with or 
without cerebral fluid spread) or multicentric glio- 
blastoma multiforme is unknown, but is not common. 

Two cases were presented. In the first patient, 
autopsy demonstrated two separate foci of glio- 
blastoma multiforme, which had been demonstrated 
by arteriography and brain scanning. The second 
patient harbored four isolated multifocal tumors, 
two of which had been shown ante mortem. 

The authors suggest that multicentric or multi- 
focal glioblastoma multiforme should be added to the 
differential diagnosis of multiple expanding vascular 
lesions demonstrated angiographically and by re- 
peated brain scanning, particularly if an extra- 
cranial primary malignancy has been excluded.— 


Adele R. Altman, M.D. 


NECK AND CHEST 


Rose, Jupiru S., Kassner, E. G., JURGENS, 
K. H., anp Farman, J. Congenital oesopha- 
geal strictures due to cartilaginous rings. 
Brit. F. Radiol., Jan., 1975, 48, 16-18. (From: 
The Departments of Radiology and Pathol- 
ogy, Downstate Medical Center, Brooklyn, 
ee Bed 


Embryonic tracheobronchial remnants, contain- 
ing cartilage, mucus glands, and respiratory epithe- 
lium, may sequestrate into the esophagus, causing 
non-neoplastic strictures of the distal esophagus. 
Presumably, this anomaly represents incomplete 
separation of the respiratory tract from the primitive 
esophagus. Dysphagia, vomiting, and aspiration 
pneumonia usually herald the diagnosis in the neo- 
natal period. However, if symptoms are less severe, 
detection of the lesion may be delayed into adult- 
hood. 

Two patients were reported: one seven months, 
the other eight years old. Barium esophagrograms 
showed dilatation of the esophagus proximal to per- 
sistently narrowed distal segments, respectively 2 
cm and 4 cm in length. The second case demon- 
strated a globular collection of barium projecting 
medially from the mid-point of the stricture, re- 
sembling a penetrating ulcer. Examination of the 
resected specimen proved that the o.5 cm barium 
filled tract represented dilated ducts communicating 
with the esophagus. 

Differential diagnosis includes stenosis due to in- 
gestion of caustic substances, peptic esophagitis, and, 
less commonly, achalasia.—Adele R. Altman, M.D. 
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GENITOURINARY SYSTEM 


Moore, WituraM B., MATTHEWS, TERENCE Ja 
and Rasgınowrrz, Ronatp. Genitourinary 
anomalies associated with Klippel-Feil syn- 
drome. F. Bone & Joint Surg., April, 1975, 
57-A, 355-357. (Address: William B. Moore, 
M.D., 416 Pinehurst Avenue, Salisbury, Md. 
21801.) 


The authors studied 39 patients with Klippel- 
Feil (KF) syndrome. The average age at diagnosis of 
KF was 2.9 years. There was a female-male ratio of 
1.8/1.0, The group included 21 Type I, which have 
block fusion of all cervical and upper thoracic verte- 
brae; four Type II with fusion of one or two pairs 
of cervical vertebrae; and 14 Type III where the 
anomalies of Type I or II are combined with either 
lower thoracic or lumbar vertebral fusion. 

Of the 39 patients, 23 had significant upper urinary 
tract anomalies but only one of them had symptoms 
suggesting a renal anomaly. This patient had a Type 
III KF and developed pain and anuria. She was 
found to have unilateral renal agenesis with an ob- 
structing calculus. One patient had vaginal agenesis 
and a bicornuate uterus, one had cryptorchidism and 
one had hypospadias. The total of genitourinary 
anomalies was 64 percent. 

Unilateral renal agenesis or complete absence of a 
kidney was the most common abnormality and was 
present in five Type I, one Type II and five Type ITI 
KF syndrome patients. Malrotation, duplication, 
ectopia, and renal dysgenesis with subnormal growth 
and function were also found in a higher incidence 
than in the general population. A Table is included 
giving the incidence rates in the present study and 
in the normal population. The genitourinary anom- 
alies were present in 62 percent of Type I patients, 
50 percent of Type II and 71 percent of Type II. 

The authors briefly discuss the embryological de- 
velopment of the axial skeleton and the genitourinary 
tract and the explanation for the association of these 
anomalies. An insult to the fetus between the fourth 
and eighth weeks of development would produce both 
genitourinary and KF syndrome. A routine intrave- 
nous urogram is therefore suggested in all patients 
with KF syndrome.—Martha Mottram, M.D. 


SKELETAL SYSTEM 


HimME ras, ELLIOT, SEBES, JENO, and Ras- 
INOWITZ, Jack. Unusual roentgenographic 
presentations of multiple myeloma: report 
of three cases. Y. Bone & Joint Surg., Dec., 
1974, 56-A, 1723-1728. (Address: Elliott 
Himmelfarb, M.D., 865 Jeferson Avenue, 
Memphis, Tenn. 38163.) 

Three cases of unusual roentgenographic mani- 


festations of untreated multiple myeloma have been 
reported. 
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In the first case there was diffuse osteosclerosis of 
the spine, pelvis, and extremities which simulated 
extensive osteoblastic metastasis. Microscopic exam- 
ination of sections of the spine at autopsy 11 months 
later showed marked thickening of bone trabeculae 
adjacent to primitive plasma cells. 

In a review of the literature the authors found re- 
ports of about 100 cases of sclerotic myeloma. 

In the second case there were bone lesions of co- 
existing myeloma and amyloidosis. Frank myeloma 
was found in an extradural mass adjacent to the col- 
lapsed body of the gth dorsal vertebra. Amyloidomas 
were found at biopsy of several of the numerous ex- 
pansile lytic lesions in the extremities. Some of the 
peripheral lesions showed the following changes: mar- 
ginal sclerosis, subchondral erosion, cortical bone 
destruction, and sequestrum-like lytic areas, 

The coexistence of amyloidosis with myeloma is 
significant since it will not respond to the usual 
alkylating agents nor to radiation therapy, but will 
react to chloroquine and methotrexate. 

The third case showed an extensive solitary de- 
structive myeloma in the proximal right femur with 
a pathologic fracture. The medullary canal was 
widened and there were areas of bone sequestration. 
Prominent periosteal reaction and soft-tissue exten- 
sion were present. A diagnosis of myeloma was made 
from a biopsy specimen and confirmed on subsequent 
tissue study of the disarticulated extremity. 

The differential diagnosis in this case included 
primary bone tumors and solitary metastasis. The 
unusual manifestations of myeloma were periosteal 
new-born formation of sclerotic foci.—Pau/ A. 


Dassel, M.D. 


Brann, Ricard A., and Brack, Howarp. 
Pseudomonas osteomyelitis following punc- 
ture wounds in children. J. Bone & Joint 
Surg., Dec., 1974, 56-A, 1637-1642. (Ad- 
dress: Richard A. Brand, M.D., Department 
of Orthopaedic Surgery, University of Iowa 
Hospitals, Iowa City, Iowa 52242.) 


Pseudomonas aeuroginosa is an uncommon caus- 
ative organism of osteomyelitis. Nine cases have 
been reported in children following puncture wounds 
of the feet. 

In the typical case there was onset of pain and 
swelling two to five days following a puncture wound. 
The primary treatment often consisted of local 
cleansing, soaks, tetanus toxoid, and occasionally 
antibiotics. There usually was partial resolution of 
the inflammatory process, but symptoms and signs of 
infection either returned or did not completely 
subside. 

Osseous changes were first detected on roentgeno- 
grams made between the 8th and 21st day after the 
injury. The following bone and joint changes have 
been reported in Pseudomonas osteomyelitis: joint- 
space narrowing, cyst formation, osteophytosis, 


760 


joint rigidity, and premature closure of the epiphy- 
seal plate. 

All infections in these cases responded well to 
surgery and antibiotics; however, in three patients 
there was permanent but minor joint impairment. 

Carbencillin and gentamicin are the antibiotics of 


choice in Pseudomonas osteomyelitis.—Pau/ M. 
Dassel, M.D. 


Bruce, Henry E., Harvey, J. PAuL, JR., and 
Witson, Joun C., Jr. Monteggia fractures. 
F. Bone & Foint Surga Dec., 1974, 56-A, 
1563-1576. (Address: Henry E. Bruce, M.D., 
1352 Ballena Boulevard, Alameda, Calif. 


94501). 


Complications from Monteggia fractures were 
studied in 35 patients evaluated one year or more 
after injury. 

A Monteggia fracture is an uncommon injury 
complex consisting of a fracture of the proximal 
third of the ulnar shaft and dislocation of the radial 
head. The proximal radio-ulnar joint is disrupted or 
dislocated. There are four subclassifications of this 
fracture. 

These fractures were rather evenly distributed 
during the first five decades of life. 

The most common causes of this fracture were 
motor-vehicle and falling injuries. 

The results of these fractures were rated according 
to range of motion, activities of daily living or work, 
pain and anatomy. The authors evaluated the end 
results of these cases as excellent in eight, good in six, 
fair in eight and poor in (13). The major factor which 
led to poor results in adults was limitation of motion. 
Other contributing factors were pain and decreased 
function. 

There were nerve palsies either at the time of in- 
jury or after treatment in eleven patients. The nerve 
injury was transient in all but one patient. 

Non-union occurred in eitht patients. Synostosis 
developed in two patients. 

The authors stress the importance of prompt rec- 
ognition and treatment of the dislocation of the 
radial head in this injury. Pau/ M. Dassel, M.D. 


Kamut, Epouvarp, and MacEwen, G. DEAN. 
Osteochondritis dissecans in Legg-Calvé- 
Perthes disease. F. Bone & Joint Surg., June, 
1975, 57-A, 506-509. (Address: Edouard 
Kamhi, M.D., 325 Park Avenue, Nunting- 
ton, N. Y. 11743.) 


Osteochondritis dissecans has been reported in- 
frequently as a complication of Legg-Calvé-Perthes 
disease (LCP). However, it was found in seven male 
patients out of the first 200 with LCP seen at the du- 
Pont Institute, Delaware. Involvement was uni- 
lateral in six and bilateral in one. Although 20 per- 
cent of the patients with LCP were female, no fe- 
males developed osteochondritis dissecans. 
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The seven cases are briefly reported and there are 
a number of diagrams. Roentgenograms of one pa- 
tient show a loose fragment 20 years after LCP was 
treated. A large cartilaginous fragment was outlined 
by a spontaneous air arthrogram in another patient 
who had only mild symptoms and no locking nor 
catching. The patients had been treated with various 
methods and two had no treatment; there was no 
evident difference in the type or duration of treat- 
ment of LCP as to whether or not they developed a 
later osteochondritis dissecans. The older age group 
had a greater risk of developing this complication. 

The interval between the end of treatment and the 
diagnosis of osteochondritis dissecans ranged from 
one to 20 years; in three patients, it was diagnosed 
during therapy for LCP. Perhaps an unhealed ne- 
crotic fragment persists into adult life without 
symptoms or with very minor complaints. Separa- 
tion of the fragment from its bed was found to be 
uncommon. Spontaneous healing of osteochondritis 
dissecans after LCP has not been reported. 

Diagnosis may be difficult on routine films. A per- 
sistent indentation or irregularity of the head should 
be suspect, and the authors urge tomograms in the 
frog-leg position for optimum visualization. Treat- 
ment is preferably conservative.—Martha Mottram, 
M.D. 


REcKLES, LAwrencE N., PETERSON, HAMLET 
A., Branco, ANTHONY J., JR., and WEIDMAN, 
WituiaM H. The association of scoliosis and 
congenital heart defects. F. Bone S Joint 


Surg., June, 1975, 57-A, 449-455. (Address: 
Lawrence N. Reckles, M.D., c/o Section of 
Publications, 200 First Street, S. W., Roches- 
ter, Minn. 55901.) 


Scoliosis is more frequent in patients with con- 
genital cardiac defects than in the general popula- 
tion. In the Mayo Scoliosis Clinic, 5 percent of the 
patients have significant congenital cardiac lesions. 
Treatment of the scoliosis is often difficult in these 
patients. The authors quote statistics from various 
centers on the incidence of scoliosis and congenital 
heart defects, and although there are expected dif- 
ferences depending on method of survey, age at time 
of surgery and degree of curvature, there is an in- 
creased incidence of scoliosis in congenital heart dis- 
sease in all reported series. Out of 998 patients under 
16 having cardiac surgery at Mayo Clinic between 
1950-1959, 377 were checked with standing roent- 
genograms of the spine ten years or more after sur- 
gery (average 15 years). The average age at follow- 
up was 21 years 4 months. In this group of 377 pa- 
tients, there were 32 patients (8.5 percent) with 
curves greater than 20 degrees and these were studied 
and compared with the group without clinically sig- 
nificant scoliosis. Those with curves under 20 de- 
grees were considered non-problem cases; they often 
have multiple small curves. The authors found that 
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the patterns of the scoliosis in patients with congeni- 
tal heart disease and curves greater than 20 degrees 
were approximately the same as those in patients 
with idiopathic scoliosis. 

There was no correlation between the development 
or the degree of the scoliosis with cardiac size or a 
specific cardiac defect. There was a higher percentage 
of patients with cyanosis in the scoliosis group, but 
this was not statistically significant. The age at 
surgery, type or site of incision, and the surgical 
procedure had no effect on the development of 
scoliosis. Only one patient had a true congenital 
scoliosis with hemivertebra. The number and side of 
removed ribs had no constant relationship to the 
development of scoliotic curves or patterns. 

It was found that the incidence of scoliosis with 
curvature greater than 20 percent in patients who 
had surgery for congenital heart disease is more than 
ten times that found in the general population.— 


Martha Mottram, M.D. 


ScaTLiFF, JAMES H., TiL, KENNETH, and 
Hoare, RicHarp D. Incomplete, false, and 
true diastematomyelia: radiological evalua- 
tion by air myelography and tomography. 
Radiology, Aug., 1975, 776, 349-354. (Ad- 
dress: James H. Scatliff, M.D., Department 
of Radiology, University of North Carolina 
School of Medicine, Chapel Hill, N. C. 
27514.) 

Six cases of possible diastematomyelia were stud- 
ied by air myelography and tomography as well as 
initial plain roentgenogram studies. The paper deals 
with the roentgenographic evaluation of the cases 
and examines the pitfalls in the diagnostic proce- 
dures. Each of the surgically proved cases was 
thought roentgenographically to demonstrate either 
fibrous or bony septa splitting the spinal cord at the 
point of involvement. The surgical intervention in 
each of these cases showed no fibrous or bony septa. 
Varying abnormalities were found including poste- 
rior grooves in the cord, fibrous brands tethering the 
cord, unusual posterior redundancy or infolding of 
the arachnoid in the midline (septum posticum), 
and true hemicord without bony or fibrous septum. 

The points to be learned from this correlative 
study are as follows: (1) Linear tomography can 
produce spurious lucent defects particularly when 
spina bifida or spinal dysraphism is present. (2) 
Fibrous septa cannot be defined with certainty on 
air myelography and tomography. (3) The presence 
of tethering bands or clusters of nerve roots cannot 
be resolved by air myelography. (4) Hemicord or 
double cords are not necessarily associated with a 
bony spur or fibrous septum. (5) Presence of tether- 
ing dural bands in the absence of dividing septa 
should be documented since surgical treatment is 
based upon the release of the tension on a fixed cord. 

In summary, each case of spinal dysraphism and 
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suspected diastematomyelia should be evaluated on 
an individual basis with close correlation of clinical 
and roentgenologic findings associated with the 


spinal canal.—¥. P. Eberts, M.D. 


RADIATION THERAPY 


Turek-MaIscHEIDER, MILADA, and KAZEM, 
IsmaiL. Palliative irradiation for liver metas- 
tases. 7.4.M.A., May, 1975, 232, 625-628. 
(Address: Dr. Ismail Kazem, Department of 
Radiation Therapy and Nuclear Medicine, 
Sint Radboud Hospital, Geert Grooteplein 
Zuid 18, Nijmegen, The Netherlands.) 


Eleven patients with symptomatic liver metastases 
received 1,600 to 2,500 rads total dose administered 
to the liver in two to three weeks. All of these pa- 
tients had abnormal liver scans and all complained 
of upper abdominal pain. Initially, four patients were 
jaundiced, nine were nauseated and four had recur- 
rent vomiting. Nine of the eleven patients had ab- 
normal liver function studies. 

Eight patients were completely relieved of their 
symptoms with remissions ranging from two to 38 
months. Two patients had partial relief of symptoms 
and one patient showed no improvement. Beside the 
relief of symptoms, some patients showed decrease 
in the size of the liver metastases as delineated in the 
radioisotope scans and some patients’ liver function 
studies improved. 

Autopsies were performed on three patients and 
histological evaluation of the liver showed no evi- 
dence of radiation induced injury. 

The palliative treatment of hepatic metastases 
include systemic chemotherapy, intrahepatic arterial 
chemotherapeutic infusion, partial hepatectomy, 
and liver irradiation. The threshold dose for radi- 
ation hepatitis is approximately 3,000 rads. 

The primary tumors in these patients include 
mammary carcinoma, reticulum cell carcinoma, 
Ewing’s sarcoma, Wilms’ tumor, colon adenocarci- 
noma and hemangioendotheliosarcoma. The results 
of radiation therapy suggest that local palliation can 
occur regardless of the type of primary tumor 
possibly on the basis of better vascularization in the 
liver with increased oxygenation, immune response 
of the liver on metastases potentiating the radiation 
effect, etc. The relief of clinical symptomatology ap- 
peared to be more rapid following irradiation than 
with other modalities of treatment of metastatic 
disease to the liver.—Ronald Y. Ross, M.D. 


Morirtscu, E., and Neumann, H. Zur Behand- 
lung des “beweglichen” Stimmbandkarzi- 
noms: Chordektomie, Bestrahlung. (The 
treatment of the “mobile” vocal cord carci- 
noma: cordectomy versus irradiation.). 
Wiener klin. Wochen., Feb., 1975, 87, 116- 
120. (Address: Doz. Dr. E. Moritsch, I. 
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Hals-, Nasen- und Ohrenklinik der Universi- 
tät Wien, Lazarettgasse 14, A-1097, Wien, 
Austria.) 


In the treatment of Stage 1 carcinoma of the vocal 
cords the five year cure rates with cordectomy and 
with irradiation have each been described as about 
80 percent. Between 1965 and 1969, 49 patients were 
cordectomized and 71 patients were subjected to 
irradiation. The three year operative cure rate was 
85.7 percent and the five year cure rate was 75 per- 
cent. With irradiation the corresponding figures were 
74.6 percent and 68.6 percent. Irradiation therapy 
was given in the earlier part of the period with con- 
ventional kilovoltage and in the latter part of the 
period with a cobalt source. 

The two types of treatment, operation and irradi- 
ation, were compared to determine the advantages 
and disadvantases of each. 

The following points are in favor of cordectomy: 
The tumor can be directly examined. There is im- 
mediate histological control during the operation. 
The period of treatment lasts about seven to ten 
days, as opposed to four to five weeks with irradi- 
ation. There is a rather short healing period with 
operation, while irradiation may entail chronic after- 
effects. Perichondritis is not observed after operation 
but may follow irradiation. In the event of recur- 
rence, after cordectomy either a full radiation dose 
may be administered or operation may be carried 
out in non-irradiated tissue; after irradiation, neither 
a full radiation dose may be given nor may the 
operation be carried out through unirradiated tissue. 

There are points in favor of radiaticen therapy. 
Surgery may be contraindicated by medical con- 
siderations. A prophylactic tracheotomy is usually 
required after operatio 1 and is usually not necessary 
with irradiation. The quality of the voice is clearly 
better after irradiation than after operation and 
irradiation is therefore preferable in patients in 
whom preservation of voice is essential. 

The problem should be thoroughly discussed with 
the patient.—Modified Published English Abstract. 


Baeza, Mario R., Barkey, H. Tuomas, JR., 
and FerRNANDEz, Carros H. Total-lung ir- 
radiction in the treatment of pulmonary 
metastases. Radiology, July, 1975, 776, 1SI- 
154. (Address: H. Thomas Barkley, Jr., M.D., 
Department of Radiotherapy, M. D. Ander- 
son Hospital and Tumor Institute, Houston, 


Texas 77025.) 


Total lung irradiation has been employed for many 
years in the treatment of pulmonary metastases 
arising from a variety of primary malignant neo- 
plasms. Despite its frequent use, there is very little 
objective evidence that irradiation materially alters 
the quality or length of survival. The chief obstacle 
to successful sterilization of metastases is lung 
parenchymal tolerance which is influenced by total 
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dose, volume, fractionation, infection, and possibly 
certain chemotherapeutic agents. The authors re- 
viewed the records of 62 patients given total lung 
irradiation at M. D. Anderson Hospital from Jan- 
uary, 1956, through December, 1972, in order to 
assess the efficacy of such treatment in pulmonary 
metastases from a variety of primary malignant 
neoplasms. 

Three were treated with irradiation alone while 
the remainder received adjunctive chemotherapy. 
The entire lungs were irradiated and the mediastinal 
structures were not shielded. The two most common 
treatment schedules were: (1) 1,500 rads/ten frac- 
tions/two weeks; and (2) 2,000 rads/fifteen frac- 
tions/three weeks. 

The results showed that only patients with meta- 
static Wilms’ tumor had a satisfactory response as 
evaluated by chest roentgenogram. Three-fourths 
of these patients had complete or nearly complete 
regression. The response of metastases from Ew'ng’s 
sarcoma and rhabdomyosarcoma indicated only a 
25 percent reduction in half of the patients while 
over 50 percent of patients with all other types of 
primary tumors had no response at all. 

Radiation pneumonitis was diagnosed in 13 pa- 
tients, nine of whom received concomitant chemc- 
therapy. It was fatal in three as corfirmed by 
autopsy; two of them had received chemotherapy. 

Using graphic means and regression analysis, an 
attempt was made to formulate a time-dose relation- 
ship that would separate success, failure, and compli- 
cations. This was nondeterminate. 

It was concluded that doses in the ranpe of 1,500- 
2,000 rads to the entire thorax were of val: e only in 
the treatment of patients who had metastases from 
Wilms’ tumor and who also received adjunctive 
chemotherapy (actinomycin D). An exception might 
result from the development and adjuvant use of 
radioprotective agents which increase parenchymal 
tolerance, radiosensitizing agents which selectively 
sensitize the metastatic neoplasm, or effective 
chemotherapeutic agents which destroy additional 
magnitudes of tumor cells.—-P. M. Kroening, M.D. 


JAMPOLIS, SAMUEL, ANDRAS, E. JAMES, and 
FLETCHER, GILBERT H. Analysis of sites and 
causes of failures of irradiation in invasive 
squamous cell carcinoma of the intact uterine 
cervix. Radiology, June, 1975, 775, 681-685. 
(Address: Gilbert H. Fletcher, M.D., Pro- 
fessor and Head, Department of Radiother- 
apy, The University of Texas System Cancer 
Center, M. D. Anderson Hospital and Tumor 
Institute, Houston, Texas 77025.) 


Records of 916 patients who received radiation 
therapy for Stage Ip through Stage 111 invasive 
squamous cell carcinoma of the intact uterine cervix 
were analyzed for sites and causes of treatment fail- 
ure. Staging by the M. D. Anderson method accord- 
ing to the volume of cancer was utilized. Micro- 
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Invasive carcinomas were not included. Minimum 
follow-up for all patients was four and one-half years, 
Survival rates were as follows: Stage 1, 91 percent; 
Stage 11,4, 82 percent; Stage 1p, 65 percent; Stage 
HIA, 54 percent; and Stage 111g, 40 percent. 

Two important developments occurred during the 
period of analysis and contributed to the over-all 
results—use of computer dosimetry for intracavitary 
radium and the use of conservative extrafascial 
hysterectomy for bulky central disease in Stages Ip 
and 11 following a slightly less radical dose of irradi- 
ation. Ninety-four percent of central and regional 
failures occurred within the first three years after 
treatment. 

In Stages 1g and 114 (494 patients) eleven patients 
(two percent) had central failures. Eight of the 
eleven could be directly attributed to improper place- 
ment of ovoids or the use of a vaginal cylinder in 
place of ovoids because of poor geometry of the 
vaginal vault. Central failures also occurred in 
large bulky central lesions. There were regional 
failures in 23 (4.5 percent), mainly due to skewed 
radium systems without appropriate compensation 
with external beam. The use of a vaginal cylinder in 
place of ovoids was another cause. 

Stage IIg (204 patients) had ten central failures 
(five percent), and all occurred in conjunction with 
regional failure. Six cases were due to massive central 
disease and three resulted from less than optimum 
radiation dosage. There were 27 regional failures 
(13 percent) and 17 could be correlated with skewed 
radium systems away from the side of recurrent 
disease without additional external irradiation. 

In Stages 111, and 11g (218 patients) there were 
31 central failures (14 percent) and 41 regional 
failures (19 percent). Main causes of central failure 
were attributed to massive central and regional dis- 
ease or distorted anatomy precluding the use of 
ovoids and requiring the use of a vaginal cylinder. 
The overwhelming cause of regional failure was the 
presence of massive disease. In most patients, doses 
up to 7,000 rads failed to control regional disease. 

In conclusion, early stage (Stage 1p and IA) 
central failures are usually caused by improper posi- 
tioning of radium tandem and ovoids, or the use of 
a vaginal cylinder in place of ovoids. In Stage 11, 
patients, the addition of an extrafascial conservative 
hysterectomy six weeks after irradiation in those 
patients with large, barrel-shaped lesions has resulted 
in a low incidence (five percent) of central failure. 
No central failures were seen in patients who had 
had hysterectomy. All central failures occurred in 
conjunction with regional failures, and the obvious 
cause was massive disease in the pelvis. In Stage 11 


patients, massive tumor size limits control of dis- 
ease.—Od1s D. Skinner, M.D. 


Douatass, H. O., Jr., Wane, J., TakiTa, H., 
Wattace, H. J., Frrepman, M., and Min- 
DELL, E. Improvement in the results of 
treatment of osteogenic sarcoma. Surg., 


Abstracts of Radiologic Literature 


763 


Gynec. & Obst., May, 1975, 740, 693-700. 
(From: The Departments of Surgery, Pedi- 
atrics, Thoracic Surgery, Medicine A, Radi- 
ation Therapy, and Bone Clinic, Roswell 
Park Memorial Institute, and the Depart- 
ment of Surgery and Orthopedic Surgery, 

State University of New York, Buffalo, 

N. Y.) 

A review of results of treatment of patients with 
osteogenic sarcoma seen at Roswell Park Memorial 
Institute, Buffalo, New York, was divided into the 
pre and post 1968 periods. 

Prior to 1968, treatment of osteogenic sarcoma by 
amputation resulted in a 30 percent two year sur- 
vival rate, and twelve percent five year survival rate. 
In three of the eight who survived five years, 
metastases developed. One patient with metastases 
was apparently salvaged as a consequence of tumor 
transplantation and exchange of white blood cells 
between partners. Excision of pulmonary metastases 
in four of eleven patients resulted in four survivals 
beyond two years, and two of seven patients treated 
with radiation therapy survived over two years. 

Review of 70 cases of osteogenic sarcoma seen 
between 1968 and 1973, showed that adriamycin is 
a major advance in chemotherapy, but its significant 
role is as adjuvant therapy. It delayed the clinical 
appearance of metastases by one to two years, with 
the threat of cardiotoxicity limiting its usefulness. 

Only one patient in the recent series had a response 
to a chemotherapeutic agent other than adriamycin. 
One patient had a three month remission of pul- 
monary metastases while being treated with Actino- 
mycin D prior to referral to Roswell Park Memorial 
Institute. The experience with methotrexate sug- 
gested that it was of no value in patients who did not 
respond to adriamycin. There was no repetition of 
early successes with immunotherapy and many pro- 
grams were discontinued. 

A patient treated with high dosage radiation 
therapy to the primary tumor plus a high dose 
methotrexate-citrovorum rescue showed sterilization 
of the primary tumor and no evidence of metastases 
at autopsy six months later (death from unrelated 
cause). This sterilization has not been previously 
reported even with equivalent doses of radiation 
therapy, but radiation therapy has been effective in 
management of patients. 

The dictum of amputation through the joint 
proximal to the involved bone was not confirmed. 
There were no local recurrences after high amputa- 
tion of the femur in eight patients in whom the pri- 
mary tumor was in the femur. All patients now have 
bone scans and tomograms prior to amputation so 
that the line of transection can be planned ten cm 
or more proximal to the highest level. Tetracycline is 
administered 18 hours preoperatively and the bone 
examined under black light at the time of amputa- 
tion. Also, the resected femur is split longitudinally 
and viewed with black light to be certain that the 
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fluorescence is confined to® the tumor. A marrow 
smear at the site of resection is examined immedi- 
ately for evidence of tumor cells. Immediate fitting 
of a prosthesis and early ambulation have reduced 
rehabilitative problems. 

Thoracotomy for pulmonary metastases, as often 
as necessary, has increased the three year survival 
rate severalfold. The authors stress the value of 
persistence in management of disease in these pa- 
tients.—Lois Cowan Collins, M.D. 


RADIOISOTOPES 


Fercin, Davion S., Wetcn, Dennis M., SIEGEL, 
Barry A., and James, A. EVERETTE, JR. 
The efficacy of the brain scan in diagnosis of 
brainstem gliomas. Radiology, July, 1975, 
76, 117-120. (Address: David S. Feigin, 
M.D., Department of Radiology and Radi- 
ological Science, The Johns Hopkins Medical 
Institutions, Baltimore, Md. 21205.) 


The authors reviewed 19 cases of brainstem 
gliomas proved by surgical biopsy (twelve cases), 
autopsy (five cases), or pneumoencephalography 
(four cases). The brain scan results (performed with 
Tc9™ pertechnetate) were correlated with results of 
other roentgenological investigations (angiography, 
ventriculography or pneumoencephalography) and 
with the pathological anatomy. 

The brain scan demonstrated the lesion in only 
one of these patients. This patient had extension of 
tumor outside the brainstem, infiltrating the superior 
vermis of the cerebellum and the right brachium 
conjunctivum into the middle fossa. The angiogram 
was abnormal in ten of 18 cases. The air study was 
abnormal in 17 of 19 cases. 

The authors conclude that a negative brain scan 
cannot be used to exclude the existence of a brain- 
stem glioma and that further roentgenological 
evaluation is necessary.—W. R. Carpentier, M.D. 


Hatrner, Roserr S., MiLLER, SHELBY W., 
and ScHIMMEL, DANIEL. Significance of re- 
newal asymmetry in bone scans: experience 
in 795 cases. F. Nuclear Med., Feb., 1975, 76, 
161-163. (Address: R. S. Hattner, M.D., 
Department of Radiology, Nuclear Medicine 
Section, University of California Medical 
Center, San Francisco, Calif. 94143.) 


In a retrospective survey, 795 consecutive whole 
body bone scans were analyzed to determine the 
presence of significant renal asymmetry. Thereafter 
the patient’s record and roentgenograms were re- 
viewed. Patients were then categorized into un- 
classifiable (no clinical data available), concordant 
with clinical-pathophysiological findings (unequivo- 
cal evidence of renal abnormality) and discordant 
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with clinical-pathophysiological findings (not sup- 
ported by clinical data). Scans were performed fol- 
lowing the intravenous administration of fluorine-18 
or technetium pyrophosphate. Asymmetry was sus- 
pected in 17 patients scanned with fluorine-18 and 
the renal status was confirmed in twelve as being 
abnormal. Twenty patients were detected with 
pyrophosphate and abnormal renal status confirmed 
in 18. This study suggests that the technetium 
pyrophosphate scan is more sensitive to the detec- 
tion of renal asymmetry (approaching ten percent 
of patient scan) and these images are a sensitive index 
of renal abnormality.—Wil/iam H. Strauss, M.D. 


Gates, Gary F., and Dore, Eart K. Detec- 
tion of craniosynostosis by bone scanning. 


Radiology, June, 1975, 775, 665-671. (Ad- 
dress: Gary F. Gates, M.D., Division of 
Nuclear Medicine, Stanford Medical Center, 
Stanford, Calif. 94305.) 


Twenty-nine children were studied with bone- 
seeking radiopharmaceuticals (F!ë and Tc%™ poly- 
phosphate) to determine normal and abnormal 
growth patterns of cranial sutures. Fifteen were 
normals, being examined for other reasons, 13 had 
known craniosynostosis of the varying types, and 
one had typical Liickenschadel skull. The age range 
of these children was from newborn to 16 years. 
Rectilinear scanner and camera images gave identical 
results. Three surgical specimens became available, 
and these were imaged for comparison to the pre- 
operative scans. The lateral skull scan provided the 
most information over-all. It is imperative that the 
scan be correlated with the child’s age. 

Localized sutural hyperactivity is demonstrable 
during periods of normal active growth of the skull, 
i.e., lambdoidal from seven weeks to two years, while 
the posterior fontanelle is closing; and bregmatic 
increasing progressively during the first three years 
of life when the anterior fontanelle closes. The mid- 
portion of the sagittal curve appeared to lag behind 
the former two areas. Squamosal growth activity 
was rare after the first year, metopic activity 
diminished after the second year, and coronal 
activity was demonstrable up to the third year. 

Craniosynostosis was identifiable as increased 
radioactivity (osteoblastic response), in the suture(s) 
of origin, above the norm, so long as the fusion 
process was active and progressing along the course 
of the suture. When fusion became complete, radio- 
activity was noted to diminish in relatively intensity. 

The one case of Lückenschädel skull exhibited 
relatively decreased radioactivity in all sutures and 
membraneous bone centers, but dense concentration 
in the enchondral base. 

Calvarial bone imaging appears to be a sensitive 
indicator of regional growth in the developing skull, 
and discloses the prematurely closing suture by the 
abnormal concentration pattern as the process re- 
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lentlessly extends itself along the length of the in- 
volved suture.—F’. C. Petty, M.D. 


TEATES, CHARLES D., and Hunter, James G., 
Jr. Gallium scanning as a screening test for 
inflammatory lesions. Radiology, Aug., 1975, 
Z716, 383-387. (Address: Charles D. Teates, 
M.D., Department of Radiology, University 
of Virginia School of Medicine, Charlottes- 
ville, Va. 22901.) 


In this study, 42 patients with unexplained fever 
were scanned 48 hours after the intravenous injec- 
tion of gallium-67 citrate to locate occult inflam- 
matory lesions. Repeat scans of the abdomen were 
done at 48 and 96 hours when initial bowel evacua- 
tion was inadequate. 

Twenty-five patients had scans which were inter- 
preted as normal or only questionably abnormal. Of 
these, one patient had widespread histiocytic 
lymphoma, or possible sarcoidosis; eight patients 
were discharged with a diagnosis of fever of unknown 
origin; and eleven had diseases not usually associated 
with focal inflammation. 

Seventeen patients had abnormal scans. Of these, 
one was due to a fecal impaction, and four had no 
proof of focal disease at the positive site. Twelve 
patients had abnormally increased gallium activity 
corresponding to focal inflammatory disease such as 
abscess or cellulitis. In nine of these patients, the 
scan yielded information not provided by previous 
studies, 

The authors feel that gallium scanning has proved 
useful as a screening test for localized inflammatory 
disease. A normal scan did not rule out inflammatory 
lesions, but no significant pyogenic lesions were 
missed in this series.—W. R. Carpentier, M.D. 


Waxman, Aran D., and Siemsen, Jan K. 
Gallium gallbladder scanning in cholecystitis. 
J. Nuclear Med., Feb., 1975, 76, 148-150. 
(Address: A. D. Waxman, M.D., Depart- 
ment of Radiology, Nuclear Medicine Sec- 
tion, LAC/USC Medical Center, 1200 N. 
State Street, Los Angeles, Calif. 90033.) 


Ten patients with suspected gallbladder disease 
were scanned 20-48 hours following intravenous ad- 
ministration of gallium citrate. Marked increase in 
tracer concentration was found in six of ten patients, 
five of whom had acute cholecystitis and one found 
to have chronic cholecystitis. The region of the gall- 
bladder was not visualized in four patients, all of 
whom had chronic cholecystitis. Gallium scanning 
of the gallbladder proved to be most helpful in the 
evaluation of acute inflammatory disease but be- 
comes less helpful as the disease enters the chronic 
stages.—William H. Strauss, M.D. 


KRISHNAMURTHY, G. T., Huesorrer, R. J., 
Wats, C. F., Tayor, J. R., Kenr, M. D., 
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Tusis, M., and Beann, W. H. Kinetics of 

9mTc-labeled pyrophosphate and polyphos- 

phate in man. J. Nuclear Med., Feb., 1975, 

76, 109-115. (Address: G. T. Krishnamurthy, 

Nuclear Medicine Service (691/172A), VA 

Wadsworth Hospital Center, Los Angeles, 

Calif. 90073.) 

Ten patients with suspected bone lesions were 
studied following the intravenous administration of 
15 mCi of pyrophosphate and repeated two to 14 
days later with 15 mCi of a polyphosphate. Following 
injection, blood was collected at ten and 30 minutes 
and then hourly for four hours following injection. 
Radioactivity in whole blood, plasma, and red cells 
was determined and results expressed as percent of 
the injected dose per liter. Prior to counting, the red 
cells were washed in saline three times, the activity 
remaining in the cells after the first wash was con- 
sidered 100 percent and the reduced activity follow- 
ing subsequent washes expressed as a percentage of 
loss after each wash. The activity in plasma and 
that bound to protein and to each protein fraction 
was determined. Urine was collected at hourly sam- 
ples for four hours and the tracer concentration in 
each sample expressed as a percentage of the adminis- 
tered dose excreted/hour. In addition, serum calcium, 
alkaline phosphatase and total protein were mea- 
sured before and one hour after administration of 
each tracer. Skeletal images of identical regions were 
obtained with both agents four hours following injec- 
tion using a scintillation camera. The time taken to 
accumulate 50,000 counts for each view was noted. 

The blood clearance of both technetium pyrophos- 
phate and technetium polyphosphate was bi-expo- 
nential. The clearance of half-time of fraction one 
was 13.6 minutes for both tracers and 380 minutes 
for the second fraction with pyrophosphate was 512 
minutes. At four hours, a liter of blood had a mean 
radioactivity of 2.5 percent of the injected dose with 
polyphosphate compared to 1.9 percent with tech- 
netium pyrophosphate. One hour following tracer 
administration, 84 percent of plasma radioactivity 
was protein bound with pyrophosphate and 74 per- 
cent with polyphosphate. Most of the bound activity 
was associated with the globulin fraction. Both 
tracers were bound by the red cells; technetium 
pyrophosphate was less firmly bound than poly- 
phosphate. There were no significant changes in the 
serum calcium values. Urinary excretion of both 
tracers was similar in the first hours; 16.4 percent 
for pyrophosphate and 15.8 percent for polyphos- 
phate. During the next three hours, pyrophosphate 
was excreted slightly more rapidly than polyphos- 
phate and at the end of four hours, the mean of 32 
percent of pyrophosphate and 29 percent of poly- 
phosphate had been excreted in the urine. Bone 
images obtained with pyrophosphate were qualita- 
tively sharper and had better resolution than similar 
images obtained with polyphosphate. There was no 
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difference between the ageats in the sensitivity of 
lesion detection. —William H. Strauss, M.D. 


ULTRASOUND 


SmiTH, Epwarp H., Barrrum, Roya J., JR., 
Cuanc, Younc C., D'ORS, Cari J.,, 
Loxkicu, JACOB, ABBRUZZESE, AMERICO, and 
Danrono, Joun. Percutaneous aspiration 
biopsy of the pancreas under ultrasonic 
guidance. New England F. Med., April, 1975, 
292, 825-828. (From: Department of Radi- 
ology, Harvard Medical School, 25 Shattuck 
Street, Boston, Mass. 02115.) 


Carcinoma of the pancreas is the fourth most fre- 
quent fatal neoplasm in the United States. The pan- 
creas is one of the most difficult organs to evaluate 
for neoplastic lesions. The development of special 
ultrasound biopsy transducers that allow accurate 
placement of the biopsy needle has made percutane- 
ous biopsy of the pancreas an easier procedure to 
perform. 

Seven patients who were clinically suspected of 
having carcinoma of the pancreas but with little or 
no roentgenologic or biochemical confirmation of the 
diagnosis, were examined with percutaneous aspira- 
tion biopsy of the pancreas utilizing ultrasonic guid- 
ance. Although masses in the region of the pancreas 
greater than 3 cm in diameter can be identified with 
ultrasound, these lesions cannot be determined as 
being benign or malignant. The fine-needle aspiration 
is used to obtain a cytologic specimen for specific 
diagnosis. 

In the seven patients examined with this method, 
five had cytologically conclusive or strongly sug- 
gestive evidence of carcinoma. During biopsy, either 
the bowel or liver is traversed by the needle. How- 
ever, no serious morbidity occurred with the 23 
gauge needle. 

A negative cytologic diagnosis does not exclude 
the presence of a malignant lesion but the ability to 
obtain a high percentage of positive cytologic results 
adds to the diagnostic armamentarium in suspected 
carcinoma of the pancreas. Since the prognosis for 
carcinoma of the pancreas is poor in that only 25 
percent of lesions are considered resectable and the 
five year survival rate is twelve percent, it 1s unlikely 
that biopsy will result in earlier diagnosis or pro- 
longed life expectancy since a mass must be at least 
3 cm in diameter before it can be reliably detected by 
ultrasound. However, the percutaneous biopsy can 
possibly provide a definitive diagnosis with less mor- 
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bidity and patient discomfort.—Ronald J. Ross, 
M.D. 


McCarrrey, J., Witirams, O., and STATHIS, 
M. Diagnosis of deep venous thrombosis 
using a Doppler ultrasonic technique. Surg., 
Gynec. © Obst., May, 1975, 740, 740-742. 
(From: The Department of Surgery, Uni- 
versity of Queensland, and Repatriation 
General Hospital, Greenslopes, Australia.) 


The Doppler Ultrasonic Technique offers an ac- 
ceptably accurate and completely non-invasive, non- 
hazardous method of diagnosing deep venous throm- 
bosis, particularly above the level of the knee where 
the thromboses are most likely to be responsible for 
pulmonary emboli. Venography is highly accurate 
but requires special roentgenographic skills and tech- 
niques, is not entirely without hazard, and can be 
performed only once, or at most twice. The iodinated 
fibrinogen labeled fibrinogen test is also highly 
accurate, but must be administered preoperatively 
with the thyroid gland blocked by the administration 
of iodine. The actual testing is time consuming. 

At the Repatriation Hospital, University of 
Queensland, Greenslopes, Australia, 118 patients 
were examined postoperatively by the Doppler 
Ultrasonic technique and also by venography (42 pa- 
tients) or iodinated fibrinogen test (86 patients), or 
both (ten patients). Of these, 22 patients (18.6 per- 
cent) were shown to have deep venous thrombosis by 
either venography or the fibrinogen test. The ultra- 
sonic test detected 21 of these (17.7 percent), two of 
which had ileofemoral thromboses which were de- 
tected by the ultrasonic method. Of the remaining 
Ig patients, 17 had thromboses in the calf by both 
the ultrasonic method and one, or both, of the other 
methods. The three false negative studies by ultra- 
sound showed moderate but definite rises in isotopic 
counts on the third, fifth and sixth days, respectively, 
with no proximal extension, and no evidence of pul- 
monary embolism. 

There were two false positives by the ultrasonic 
technique. 

The method does require careful technique and 
anatomical knowledge and experience on the part of 
the operator. A machine using a frequency of at least 
eight megahertz must be used. 

With these precautions, the method offers no dis- 
turbance of the patient, safety in repetition as often 
as necessary, and a high degree of accuracy, particu- 
larly in the areas of greatest risk (above the level of 


the knee).—Lois Cowan Collins, M.D. 
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DYNAMIC ULTRASONIC 
B SCANNING IS NOT 
CONFINED TO THE EVE. 





The Bronson-Turner Ophthalmic B-Scan manufac- 
tured by Grumman Health Systems has advanced 
ultrasonic diagnostic techniques for the examination 
of the eye. 





Monitor screen image depicts an anatomical cross 
section, especially useful for examination of the 


Opaque eye, visualizing: 


e Vitreous hemorrhage 

e Retinal detachment 

e Solid lesions such as tumors 
e Intraocular foreign bodies 

e Orbital diseases 


PLUS 


e Safe, non-invasive 

e Easy to use, quick examination 
e Large real time display 

e Permanent record 

e Portable 

e Inexpensive 


The Bronson B-Scan manufactured by Grumman 
Health Systems may advance ultrasonic diagnostic 
techniques for the examination of palpable breast 
masses. 
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For further information call 
Mr. O. F. Mankiewich, (516) 575-3513 


GRUMMAN FBALTH SYSTEMS 





400 CROSSWAYS PARK DRIVE 
WOODBURY, NEW YORK 11797 


Distributed by: STO RZ Instrument Co. 


TO THE OPTHALMIC PROFESSION 


Take a new look at 
neuroangiography. 





Philips Poly Diagnost N will change 


Without moving the subject. 


It's a unique engineering achievement— 
the only one of its kind. Designed spe- 
cifically for cerebral angiography at 2:1 
magnification, Philips’ new Poly Diagnost 
N gives you views of the patient that 

have always been difficult (and some- 
times impossible) to achieve without 
moving the patient. 





With the Poly Diagnost N, the patient 
remains stationary ... and such views 

as the Basilar, Towne’s, obliques and 
others are easily, quickly and simply 
achieved. That's because the Poly N’s 
parallelogram structure rotates 360° 
about the longitudinal axis and 45° 
around the transverse axis. And because 
all motions are isocentric! All projections 


of the area of interest are therefore 
centered on the film. 


The Poly N's fixed focal-film distance 
insures reliability and reproducibility 
from every angle. All projections are 
performed at fixed 2:1 magnification. 


Now that you’ve taken a new look, let the 
following pages give you a closer look. 





pri 


your views of the subject. 





r 





The extraordinary versatility 

of the Poly Diagnost N permits 
use in single or bi-plane 
operation with a 3-per-second 
Puck-U or Puck-L rapid film 
changer. 
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PHILIPS 


Philips Poly Diagnost N: a major step forward in neuroangiography 


The Poly Diagnost N not only does 
more ... but does it more efficiently 
for you and more comfortably for 
your patient. 


Take patient positioning, for exam- 
ple. Its accomplished rapidly and 
easily. For free, unencumbered 
access to the patient’s head (or 
when the system is not in use), the 
Poly N moves on its rotating base 
into a park position to left or right. 


Or conventional laterals. The Poly 
N rotates so effortlessly that these 
can be performed from either side 
of the patient with equal facility. 


Or two modes of operation. The 


® TM N.V. Philips of Holland 


Poly N offers both. In one, the film 
plane remains parallel to the lower 
arms and produces conventional 
films. In the other mode, the film 
plane remains perpendicular to the 
main X-ray beam and produces true 
plane views. 


Or manual stereo capability. With 
the Poly N, manual stereo is accom- 
plished in seconds. 

Philips Poly Diagnost N: it improves 
your views on neuroangiography. 


Write for additional information. 


PHILIPS MEDICAL SYSTEMS, INC. 


710 Bridgeport Avenue, Shelton, Conn. 06484 





A New Book! 
CARDIAC ULTRASOUND 


This superb new book offers you a complete dis- 
cussion of cardiac ultrasound. Twenty-one pro- 
fusely illustrated chapters examine the most 
significant questions in cardiac ultrasound today, 
and provide extensive information on major 
diagnostic applications and specific techniques. 
Nineteen internationally-recognized experts lead 
you from basic physical principles, their impli- 
cations for the acquisition and interpretation of 
patient examination data, and factors affecting 
the accuracy of measurements to specific appli- 
cations of sophisticated techniques. Individual 
chapters cover: recording methods, structure 
identification, the specific heart valves, pericardial 
effusion, left ventricular function, chamber and 
great vessel size, coronary heart diséase, prosthe- 
tic heart values, and congenital heart disease. 


Edited by Raymond Gramiak, M.D. and Robert 
C. Waag, Ph.D.; with 18 contributors. November, 
1975. 308 pages plus FM I-XIV, 7” x 10”, 536 
illustrations. Price, $34.50. 


Also of interest... 


New 4th Edition! ATLAS OF ROENTGENO. 
GRAPHIC POSITIONS AND STANDARD 
RADIOLOGIC PROCEDURES. By Vinita Mer- 
rill; with 11 contributors. May, 1975. 3 volumes, 
1,258 pp., 2,600 illus. Price, $60.00 for set. 
Volume I, $24.00; Volume II, $14.00; Volume 
ITI, $28.00. 


A New Book! INTRODUCTION TO RADIO. 
THERAPY. By Sameer Rafla, M.D., Ph.D. and 
Marvin Rotman, M.D. December, 1974. 190 pp.. 
81 illus. Price, $12.50. 









New Volume II! 
CURRENT CONCEPTS IN RADIOLOGY 


The second volume in a landmark series, this 
book compiles expert opinions on the frontiers of 
clinical research and daily practice of radiology. 
Particularly noteworthy discussions cover: opera- 
tions management in radiology; use of the IVP; 
electronic imaging in radiology; emergency 
nuclear medicine; x-ray interpretation, its limits 
and prospects; and much more. Four initial 
chapters provide a foundation for implementing 
more efficient and effective uses of radiology. 
Chapters 5-7 present recent developments toward 
understanding the radiologic image and the effect 
of its characteristics on radiographic interpreta- 
tion. Chapters 8-10 describe recent advances in 
clinical radiology—in a format conducive to 
practical implementation. 


Edited by E. James Potchen, M.D.; with 20 con- 
tributors. February, 1975. 328 pages plus FM 
I-XIV, 634” x 934”, 354 illustrations. Price, 
$35.00. 


New 2nd Edition! TEXTBOOK OF NUCLEAR 
MEDICINE TECHNOLOGY. By Paul J. Early, 
B.S.; Muhammad Abdel Razzak, M.B.B.Ch.. 
D.M., M.D. (Cairo), F.A.C.P. (U.S.A.); and D. 
Bruce Sodee, M.D., F.A.C.P. August, 1975. 504 
pp., 412 illus. Price, $18.95. 


New 2nd Edition! TECHNOLOGY AND IN- 
TERPRETATION OF NUCLEAR MEDICINE 
PROCEDURES. By D. Bruce Sodee, M.D., 
F.A.C.P., F.A.C.G., A.B.N.M. and Paul J. Early, 
B.S. December, 1975. 532 pp., 822 illus. Price, 


$26.50. 
MOSBY 


TIMES MIRROR 


THE C V MOSBY COMPANY 
11830 WESTLINE INDUSTRIAL DRIVE 
ST LOUIS. MISSOURI 63141 





alu: jthe newest 
developments 
inyour specialty 


Mosby books 


SIEMENS 


Sirecgramh 
The system to have 
when you need more than one. 








Siregraph A is a highly versatile X-ray system. It is equally ideal 
for radiology departments with space and budget limitations 
and for those with only an occasional need for planigraphic or 
angiographic studies. 


A remote controlled unit with an over-table tube, Siregraph A 
provides a fully automatic spotfilm device, an image intensifier 
television system and motor tilting to 90° Trendelenburg. 


Permitting procedures over the entire tilting range of the table, 
Siregraph A allows rapid changeover at the push of a button 
from conventional examinations to special applications. 


Special features include automatic table-top shifting, punchcard 
programming, kV reduction control and transferring of patient 
and tube to catheterization position. 


When utilization review underscores the need for cost, space 
and performance efficiency, Siregraph A offers a unique solution. 
For larger institutions, it can contribute to improved patient 

flow by relieving bottlenecking in either routine, planigraphic 
angiographic or scheduling. For smaller hospitals, it can 
replace under-utilized X-ray units designed exclusively for 
special studies. 


Siregraph A. Routine R-F examinations to planigraphic and 
angiographic studies. The system to have when you need more 
than one. Write for detailed literature. 


siemens Corporation 


Medical Systems Division 
186 Wood Avenue South, Iselin, New Jersey 08830 (201) 494-1000 
In Canada: Siemens Canada Limited, 7300 Trans-Canada Highway, Pointe Claire,P.Q., Canada 





Medical centers that know 


the leasing business 
lease their equipment 
from Trans Union. 









“We chose leasing in order to conserve our 
cash flow. We chose Trans Union because 
we deal with them directly. There’s no 


trends. So funds are available on a 
regular basis. 

Since Trans Union has been in the leas- 
ing business for over 80 years, you can 
count on expert counseling and a custom- 
tailored lease. And whether you lease the 
latest piece of X-ray equipment or an en- 
tire laboratory, you will be leasing from 
people who are active in many phases of 
health care service. 

If you are interested in conserving your 
cash flow, or just uncertain about how to 
finance the new equipment you need, turn 


middleman. They’re good people with a 
lot of experience.” So says W. A. McKee, / 
vice president of Doctors Center Surgical f 
Services Inc. in Houston, Texas. 

Trans Union can lease you the medical 
equipment you need too. We stand be- 
hind our leases regardless of economic 
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to the people 
who can make 
your expansion 


Turn to Trans NI 





plans possible. 


For more information and 
a free booklet explaining how we can write 
a lease to meet your financial and equip- 
ment needs, write us on your letterhead. 


Trans Union Medical Leasing 


An Affiliate of Trans Union Leasing Corporation 


111 West Jackson Boulevard, Chicago, Illinois 60604 
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Ordinary PVC film holders 
cloud the image. 


RADH film holders give you 


Th riff r ne 








RADX triacetate film holders 
give you a Clear view. 


Se ho 





dear viewing, maximum 


protection long term storage 


Why obscure your view of Sherry — or your spot 
films and nuclear medicine studies? Since all RADX 
film holders are made of heavy-gauge, high-quality 
triacetate, you get the true picture. No distortion. 
No dirty or scratched films. No chemical reaction 
between film and holders. Spot films are easy 
to insert — and they stay put for instant display or 
easy filing. 


Since RADX holders are manufactured only of high 
quality triacetate material, long-term storage will not 
cause deterioration of your valuable films through 
the chemical reaction caused by the plasticizers 
present in polvvinw! chloride plastic sheets used in 
other film hoi t the big difference is clear, 
easy, distor ewing. 





RADX Film holders are available in: 
35 mm size, 5” x 8” (3 rows of 5 frames) 
70 mm size, 14” x 17” (5 rows of 5 frames) 
and 8⁄2" x 1012" (3 rows of 3 frames) 
90 mm size, 14” x 17” (4 rows of 3 frames) 
105mm size, 14” x 17” (3 rows of 4 frames) 


To make up shorter studies, sheets may be cut be- 
tween the rows with an ordinary pair of scissors. 
RADX film holders are available in 100 sheet 
cartons or 500 sheet cases. 


See for yourself. Call or write RADX for free 
Sample — just tell us your film size. RADX 
713/468-9628. 


P.O. BOX 19164, HOUSTON, TEXAS 77024 


from a world leader in 
x-ray film research and development 






CURIX RP1 


Other advantages — 
familiar to Agfa-Gevaert users 
yet universally important: 


(GEVAERT) highly professional technical/processor service 
(GEVAERT) full complement of accessories and supplies 
(GEVAERT) range of special films for special a," 
(GEVAERT) sells directly for economy and faster delivery 
reasons why Agfa-Gevaert 
Is available 


only through 


division of IPCO Hospital Supply Corporation 
Distribution Centers 
nationwide i 













2208 - Printed in U.S.A 





CURIX RP1- 


the new generation x-ray film 


( 


Image fidelity 
unsurpassed by any other film 
For all processing systems — 
Interchangeable with 
Kodak and DuPont 





Clear base, low fog, - 
excellent contrast with a 
new, improved emulsion 


Ositimal image quality 
under all exposure and 
processing conditions 








Available from Low X-Ray 


94 division of IPCO Hospital Supply Corporation 
1025 Westchester Avenue, White Plains, New York 10604 





AGFA-GEVAERT 


rn 
RONTGEN XS) 








AGFA-GEVAERT 


Agfa-Gevaert 
a world leader in x-ray film 
research and development 
ow brings a remarkable advance 
to radiography 
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reducis from Kodak: 
hey offer greater technic 
and equipment flexibility. 


odak Lanex regular screen and Kodak ortho G film let you 
ake more efficient use of your exposure equipment. They 
orovide higher speed —so you can shorten exposure time, or 
educe kilovoltage, or decrease milliamperage. 


he advantage is speed —2 to 4 times that of 
alcium tungstate screens exposed with 
odak RP X-Omat film. Exposure time can be 
inimized, helping to cut the number of 
etakes. This is a special advantage where 
otion is a problem —whether voluntary 
Dr involuntary. 
The benefit is flexibility. For one thing, you 
an vary technic to get the image you 
equire. For example, you can use a smaller 
ocal spot for improved image sharpness 
because the high speed lets you reduce 
illiamperage. 
Or you can reduce kilovoltage 
provide increased subject con- 
tást in contrast studies or tomo- 
graphic examinations. 


ia pi 





Another benefit: when milliamperage is 
decreased, or kilovoltage is reduced, or ex- 
posure time is shortened, these products can 
helpyouget more use out of your equipment. 

That is, you can distribute your work load 
to utilize low-powered units or portable units. 

All of which can help extend your radio- 
graphic capabilities, as well as the efficiency 
of the equipment you now have. 

There's probably a lot more you want to 
know about rare earth imaging. Contact 
your Kodak Technical Sales Representative 
or your medical x-ray products dealer, or... 

WRITE TODAY: Eastman Kodak Com- 

pany, Dept. 740, Rochester, NY. 14650. 


A commitment to quality 


NEGATIVE 
ACHIEVER 
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PAKO 14X-2 


X-ray film processor 


dry to dry in two minutes 
staggered rollers eliminate 
streaks/patterns/artifacts 

no special wires; 120v current 
easy maintenance 
$4800 — includes two 
replenisher tanks 
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MIDWINTER RADIOLOGICAL CONFERENCE 


OF THE 
LOS ANGELES RADIOLOGICAL SOCIETY 


The Los Angeles Radiological Society is pleased to announce the Twenty-Eighth Annual Midwinter 
Conference for 1976. An outstanding faculty has been invited to speak in Diagnostic and Ther- 
apeutic Radiology, Nuclear Medicine and Ultrasound. 


The first day will consist of small workshops in all the disciplines mentioned. The next two days 
will consist of formal lectures and round-table discussions with the speakers. A Saturday evening 
dinner dance is again scheduled. The second largest Radiological Technical Exhibit in the country 
will be open for viewing on all three days. 

A post convention seminar in Hawaii is scheduled again because of the enormous success of last 
year’s program. This faculty will cover topics in Diagnostic Radiology, Nuclear Medicine and 
Ultrasound. This week long seminar will be equally divided on the islands of Maui (Maui Surf) 
and Hawaii (Kona Surf). An optional extra week after the seminar can be arranged at Kahala 
Hilton (Oahu) or a week in Tahiti. 


THE TWENTY-EIGHTH ANNUAL MIDWINTER RADIOLOGICAL CONFERENCE 
SPONSOR: The Los Angeles Radiological Society 


DATE: January 30, 31, February 1, 1976 
LOCATION: Century Plaza Hotel, Los Angeles, California 90067 
SPEAKERS 

Diagnostic Radiology 
Stanley Baum, M.D. .............. University of Pennsylvania 
Robert N. Berk, M.D. ............ University of Texas 
Robert G. Fraser, M.D. ........... Royal Victoria Hospital, Montreal 
Robert H. Freiberger, M.D. ........ The Hospital for Special Surgery, N.Y.C. 
Derek C. Harwood-Nash, .......... The Hospital for Sick Children, Toronto 

M.B., Ch.B., F.R.C.P. (C) 

enon Ko Cand. M.D, ok isc ticcawaca Louisiana State University 

Radiation Therapy 
Thomas C, Hall, MD. ....% 660005 Los Angeles County-University of Southern California 

Medical Center 

Richard H. Jesse, M.D. ........... M.D. Anderson Hospital and Tumor Institute 
John G. Maier, M.D. ............. George Washington University 
Victor A. Marcial, M.D. ........... University of Puerto Rico 
J. Robert Stewart, M.D. ........... University of Utah 

Nuclear Medicine 
Alexander Gottschalk, M.D. ........ Yale University 

Ultrasound 
Barbara Gosink, M.D. ............ University of California at La Jolla 


REGISTRATION: Fee of $75.00 which includes two luncheons. $45 for residents (if a supporting 
letter from their staff is included). Workshops: $25.00 each. 


ADVANCE REGISTRATION: Fred A. Lee, M.D., 4650 Sunset Blvd., Los Angeles, California 


90027 

HOTEL ACCOMMODATIONS: Convention Manager, Century Plaza Hotel, Los Angeles, California 
90067 

MESSAGE CENTER: Furnished by Pacific Telephone Co. Out-of-town calls will be re- 


ceived at 213-277-1890 from 9 AM to 5 PM 


SECOND POST CONVENTION SEMINAR: February 1 through February 8, 1975. $560.00 per per- 
son to include air fare from Los Angeles, all inter-island transportation and accommodations. 
There will be a $100.00 registration fee for each registrant. 


FACULTY: 
J. Duncan Craven, M.D. .......... University of California at Los Angeles 
Robert Freiberger, M.D. ........... The Hospital for Special Surgery, N.Y.C. 
Alexander Gottschalk, M.D. ....... Yale University 
Issac Saunders, M.D. ............ White Memorial Hospital, Los Angeles 
Frank Zebrowsky, M.D. ........... Stanford University 


OPTIONAL WEEK AFTER POST CONVENTION SEMINAR 
A week in Tahiti will be available at the Maeva Beach Hotel or the Hotel Bora Bora at a cost 
of $799.00 each for the air fare and accommodations for participants who are interested. 
Also available is 1 week in Oahu at the Kahala Hilton for $172.00 for air fare, transfers and 
accommodations. 
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From radiography to 
tomography and back again 
at the touch of a button. 


Once and for all the fulcrum 


bar is gone. Tomolex™ 
touch-button control assists 
every x-ray setup from a 
knee study to an oblique 
sternum. 

Our Bucky riser lifts the 
film to within 1.34 in. (34 
mm) of the table surface 
for minimum geometric 
distortion and excellent film 
quality. The Collimatic 
Automatic Collimator 
provides precise beam 
coverage while auto- 
matically tracking accord- 
ing to the S.I.D. you select. 

This international award- 
winning table design is 
practical and attractive. 
All Tomolex table com- 


PICKER 


ONE OF THE CIT. COMPANIES 


ponents are built into the 
base for a clean, modern 
appearance yet quick 
access is provided for easy 
maintenance. 

A stainless steel bump 
guard and a high impact 
kick plate preserve Tomolex 
good looks even in the 
busiest department. 

The Tomolex extra-wide 
top contributes to a patient's 
sense of security. The four- 


way float top makes position- 


ing easier, especially for 


patients with limited mobility. 


The tableside control 
panel glides easily out of 
the way allowing carts to 
position directly against the 
flat Tomolex top. 





To assure maximum 
system flexibility, Tomolex 
offers a long list of options, 
including automatic expos- 
ure control. 

Tomolex is the ultimate 
radiographic/linear tomo- 
graphic system available 
today. It is another example 
of Picker’synergy — the 
complete interfacing of 
systems and services for 
ever better diagnostic visu- 
alization. 

Ask your Picker repre- 
sentative about Tomolex. Or 
contact Picker Corporation, 
595 Miner Road, Cleveland, 
OH 44143. 
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Hysterosalpingogram with Salpix Contrast Medium. 24-hour postinjection x-ray of same patient. 


now you see it now you dont 


With Salpix as your contrast medium, your gynecologic pa- 
tient needn’t undergo the 24-hour postinjection x-ray usually 
required with iodized oils. Water-soluble Salpix leaves virtu- 
ally no irritating radiopaque residue to produce foreign-body 
reactions, yet it provides the viscosity needed for adequate 


visualization. 


Contraindications: Contraindications to hysterosalpingography include the 
presence of severe vaginal or cervical infections, existing or recent pelvic 
infection, marked cervical erosion or endocervicitis, and pregnancy. The pro- 
cedure is contraindicated during the immediate pre- or post-menstrual phase. 
Sensitivity Test: If indicated in the patient’s history, an intracutaneous skin test 
or sublingual absorption observation may be done with 0.1 cc Salpix. 


Warning: Not for intravenous use. © ORTHO PHARMACEUTICAL CORPORATION 1970 


S i CONTRAST MEDIUM 


TRADEMARK 


EACH CC CONTAINS: 


sodium acetrizoate 0.53 g and 
polywvinylpyrrolidone 0.23 g 


ORTHO PHARMACEUTICAL CORPORATION * RARITAN, NEW JERSEY 08869 
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Machlett’s IRIS 100 system is a 
sound investment — both for the 
diagnostician and for the hospital — 
because it provides the most modern 
2levision fluoroscopy/spotfilming 
capabilities without the need for buy- 
ing a whole new x-ray room. By im- 
proving the radiologist s productivity, 
moreover, IRIS 100 enables him to 
apply his much needed skills to a 
greater patient load. 


While its cost is attractive, the real 
reasons for selecting IRIS 100 for 
your x-ray room are far more impor- 
tant: 


Image Sharpness Macalett’s 
Cesium lodide Image Intensifier tube 
with its three focusing grids assures 
bright, sharp images both on film and 
on the television screen. 


Short F-R-F Time Machiett’s ‘‘slid- 
ing mirror” image distributor lets you 
quietly shift from fluoroscopy to spot 
radiography and back to fluoroscopy 
in less than one second. 


Rapid Filming The Old Delft 
‘‘“Anodica’’ camera takes 100mm 
films singly or sequentially at 1- 
per-second or 2-per-seconc rates. 
Exposures are short enough to freeze 
peristaltic motion. Phototiming as- 
sures uniform film densities. 


Human-Engineered Controls Con- 
trols are conveniently placed and de- 
signed for operation with gloved 
hands. Warning lights and interlocks 
eliminate such human errors as ex- 
posure without film. 


Positive Patient ID The 100mm 
camera will not operate without the 
patient identification card in place. 
Film is identified at the time it is ex- 
posed. 


For the whole story on IRIS 100, 
contact your x-ray equipment dealer 
or 


Machlett Laboratories, Incorporate 
A Raytheon Company 


1063 Hope Street 
Stamford, Connecticut 06907 
(203) 348-7511 


See the IRIS 100 in Machlett’s booth 
at the RSNA Meeting. 
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Clean bowel means clear picture. X-PREP Liquid 
is designed specifically for preradiographic bowel cleansing — 
without enemas, suppositories, or overhydration. 


Good-to-excellent visualization is usually obtained 
with a single, simple dose.* No residual oil droplets 
as is often the case with castor oil) obscure the picture. 


Pleasant taste of X-PREP Liquid meets with high patient 
acceptance.* Simplicity anc ease of administration 
are appreciated by the patient at home, by 
the nursing staff at the hospital. 


*References available on request. 


One step One dose One bottle 


pP pP pi im 
standardized extract of senna fruit) 


o prep the bowel for radiography 


Gray Pharmaceutical Co., Affiliate 
The Purdue Frederick Company 


RIGHT 1971, GRAY PHARMACEUTICAL CO. / NORWALK, CONN, 96856 B6374 124473 




















GE 


VASCULAR ROOM 
WITH LAD SYSTEM 


and interchangeable tops 





With the LAD system, you can perform all angiographic 
procedures in one room — even get the axial projection 
of the Left Anterior Descending coronary artery. 


GE's new LAD system gives you dedicated results 
without the need for a separate dedicated system. 
The unique design features an angulating tube and 
intensifier with detachable linkage, combined with a 
rotating patient cradle. As a result, LAD performs all 
standard vascular procedures plus dedicated 
coronary arteriography. You get the uncompromised 
image quality of the Fluoricon® 300, with cine and/or 
105 mm recording. And cradle top design minimizes 
filtration, enhancing film clarity. 


Versatility — One room handles all procedures, 
including visceral, peripheral, cardiological and 
neurological exams. LAD even allows biplane oblique 
ventriculography, not possible with a U-arm. 


Economy — Minimum investment, maximum 
capability. LAD can be installed at a fraction of the 
cost of a cumbersome U-arm. LAD attaches to 
conventional vascular equipment, minimizing 
space needs. 


Rigidity — Minimal overhang of LAD system avoids 
the “tuning fork” shake of U-arms. LAD retains the 
rigidity of a classical vascular system. 


Positioning ease — Tube and intensifier angulation 
are automatically synchronized. Just pull the 
intensifier forward and it automatically angulates to 
the desired projection. Film changers remain in 
position for cine and large film recording. No 
undesirable repositioning of equipment or patient. 
Easy oatient accessibility in case of emergency. 


Operator safety — Minimized radiation, with primary 
beam shielded by lead-lined table base. 


Find out how the LAD system can give your GE 
vascular procedures room total angiographic 
capability at minimum cost. Talk to your 

GE representative. 


General Electric Medical Systems, 
Milwaukee, Toronto, Madrid. 


LAD system gives you 
a lot of room. 
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Introducing Fleet Bari 
For cleaner colon: 
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Fleet® Barium Enem; 
Prep Kit No. 1 contai 


112 oz of Fleet 
Phosphoe-Soda, 
buffered saline laxati 
to stimulate the smal 
intestine; 

four Fleet® Bisacody| 
Tablets, contact laxa 
for colon stimulation 
one Fleet® Bisacodyl 
Suppository, contact 
laxative for final 
evacuation prior to 
examination. 


Fleet® Barium Enem: 
Prep Kit No. 2 contai 


12 oz of Fleet” 
Phosphos-Soda; 
four Fleet® Bisacodyl 
Tablets; 

one Fleet® Bagenem: 
a large-volume dispo 
able enema for final 
evacuation prior to 
examination. 





or not 





‘nema Prep Kits 





‘learer x-rays, and fewer retakes 


The all-new Fleet Barium 


plete prepping systems 
that assure thorough and 
reliable colon cleansing 
prior to a barium enema 
exam. 





C] With effective and 
balanced methods of 
prepping 

Utilizing a combination of 
diet, hydration, and evacu- 
ation, the Fleet Barium 
Enema Prep Kits meet all 
the criteria for preparing 
the colon for examination 
as recommended by the 
American College of Radi- 
ology Ad Hoc Committee 





o — l ae = on Detection of Cancer of 
ems | isece L. pae the Colon.! 

Esse praSam: Slat O Available in two 
SS - Beiere paaa convenient forms 
ae: pete, Saban There are two Fleet Barium 
TIER A soso E eroaan Enema Prep Kits, so that 


——— —e---—— now you have the option of 
choosing the final step that 
you prefer—enema or 
suppository. 


C] With easy-to-follow 
instructions 

Each Fleet Barium Enema 
Prep Kit supplies clearly 
written, concise instruction 


sheets for easy, dependable 
administration by the nurses 
inthe ward or by your patient 


at home. Check-off boxes 
ensure completion of each 
step. 


EnemaPrep Kits are com- 


C] With a flexible 
time-table 

The Fleet Barium Enema 
Prep Kits also offer three 
convenient time schedules 
—12, 18, or 24 hours. So 
now, you can tailor the 
prepping to fit better into 
your schedule and your 
patient's routine. 


“In my experience across 
the country, talking to 
technicians and doctors, 
... the greatest defect in 
colon examinations, ...is 
in the preparation of the 
colon.” 


For better colon preparation 
and fewer repeat examina- 
tions, use Fleet Barium 
Enema Prep Kits routinely 
—as your prepping agent of 
choice in the Radiology 
Department and on an 
outpatient basis. 


References: 

1. Detection of Colon Lesions, 
First Standardization Con- 
ference, Amer. College of 
Radiology, (Chicago, Ill., 1973), 
pp. 203-204. 

2. Ibid, p. 76. 


Fleet C. B. Fleet Co., Inc. 


Lynchburg, Va., 24505 


Counting. 


The new computer-controlled clinical RIA Gamma Counting System 


The SKI Automated Gamma System with different isotopes, window set- start the system counting. 
is a unique, new counting system tings, counting methods and data From then on, everything is under 
designed for unattended, trouble-free reduction procedures. computer control. Isotope selection, 
operations in the clinical laboratory. Only one set-up procedure is needed. window settings, counting times, etc., 
All assay parameters are under the In just minutes, a Technologist can load are automatically reset between assays. 
control of a dedicated, pre-programmed up to 200 background, standard and If desired, the computer will even 
microcomputer module. The system sample tubes in the Sample Changer compute standard curves for each assay 
performs batch multiple assays—each Module, enter test instructions and method and print the curves along 


1.Load the Automatic 2.Enter the assay 
Sample Changer. parameters. 


Each convenient rack holds ten background, 
standard or sample tubes, making it 

easy to load the Sample Changer 
Module. The changer holds up 

to 20 racks (200 tubes) at a 
time. The modular design 
of the system provides such 
flexibility that additional 
sample changers may be 
added to increase capacity 
to 400 or even 1600 tubes. 








All instructions are entered through the Computer 
Module keyboard or lighted push buttons. 
Instructions are given in response to questions 
asked by the Computer Module’s built-in alpha- 
numeric printer and backlighted display panel. Inap- 
propriate instructions are automatically detected, 
giving the operator a chance to make corrections 
before assays are run. Completed instruction 
sequences may be listed or edited before starting. 


Made 





from SKI gives final answers in medically useful units-automatically. 


with final assay results on permanent 
paper tapes. But the system is 
flexible. Automatic operation may be 
interrupted at any point for a stat 
procedure or to enter instructions for 
additional tests. 

Perhaps more important, there’s 
never a need to spend time plotting 


r 


3.Examine the 
results. 


The SKI Automated Gamma System gives results 
with or without automatic background subtraction 
in any of four different forms: (1) concentration 
derived from an automatically computed standard 
curve, (2) counts per minute at preset count, 

(3) counts per minute at preset time, or (4) ratio 
between standard and sample. In all cases, assay 


data, sample I.D. numbers 
and a summary of test 
parameters are 
printed on easy- to- 
file permanent 

paper tape. 













data against a hand-drawn standard Now, virtually any laboratory can enjoy 
curve. The computer automatically gives the speed and flexibility of a fully auto- 
answers the way you want them—in mated gamma counting system. 
final form. 

The SKI Automated Gamma S Smith Kline Instruments, Inc. 
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Renografin-76 is supplied as a sterile, aqueous 
solution providing 66% meglumine diatrizoate and 
40% sodium diatrizoate with 0.32% sodium citrate 
as a buffer and 0.04% disodium edetate as a 
sequestering agent. The solution contains 
approximately 37% (370 mg./ml.) bound iodine 
and approximately 4.48 mg. (0.19 mEq.) sodium 


per ml. 


CONTRAINDICATIONS: In patients with a hyper- 
sensitivity to salts of diatrizoic acid. Urography 
contraindicated in patients with anuria. 


WARNINGS: A definite risk exists with the use of 
contrast agents in excretion urography in 
patients with multiple myeloma. There has been 
anuria with progressive uremia, renal failure 
and death. This risk of the procedure in these 
patients is not a contraindication; however, 
partial dehydration in preparation for study is 
not recommended since it may predispose for 
precipitation of myeloma protein in renal 
tubules. No therapy, including dialysis, has 
been successful in reversing this effect. 
Myeloma should be considered in persons over 
40 before undertaking urographic procedures. 

In cases of known or suspected pheochro- 
mocytoma, if the physician feels that the possible 
benefits outweigh the considered risks, radiopaque 
materials should be administered with extreme 
caution; however, an absolute minimum of 
material should be injected, the blood pressure 
should be assessed throughout the procedure, 
and measures for treating a hypertensive crisis 
should be available. 

Contrast media may promote sickling in 
homozygous individuals when injected IV. or 
intra-arterially. Although a history of sensitivity to 
iodine per se or to other contrast media is not an 
absolute contraindication, administration of 
diatrizoate requires extreme caution in such cases. 
Renografin-76 should be used in pregnant patients 
only when the physician deems its use essential to 
the welfare of the patient since safe use during 
pregnancy has not been established. Perform 
thyroid function tests prior to administration of 
Renografin-76 since iodine-containing contrast 
agents may alter the test results. 

Weigh the inherent risks against necessity for 
performing angiocardiography in cyanotic infants 
and patients with chronic pulmonary emphysema. 
In pediatric angiocardiography, a dose of 10 to 
20 mi. may be particularly hazardous in infants 
weighing less than 7 kg.; this risk is probably 
significantly increased if these infants have 
preexisting right heart “strain,” right heart failure, 
and effectively decreased or obliterated 
pulmonary vascular beds. Perform urography with 
extreme caution in persons with severe 
concomitant hepatic and renal disease. Perform 
selective coronary arteriography only in selected 
patients and those in whom expected benefits 
outweigh the procedural risk. 


PRECAUTIONS: Diagnostic procedures involving 
use of contrast agents should be performed under 
the direction of personne! with prerequisite training 
and a thorough knowledge of the particular 
procedure. Appropriate facilities should be 
available for coping with situations which may 
arise as a result of the procedure and for 
emergency treatment of severe reactions to the 
contrast agent itself; competent personnel and 
emergency facilities should be available for at 
least 30 to 60 minutes after l.V. administration since 
delayed reactions have been known to occur. 
These severe life-threatening reactions suggest 
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hypersensitivity to the contrast agent. A personal 
or family history of asthma or allergy or a history of 
a previous reaction to a contrast agent warrants 
special attention and may predict more accurately 
than pretesting the likelinood of a reaction 
although not the type nor severity of the reaction in 
the individual. The value of any pretest is 
questionable. The pretest most performed is the 
slow LV. injection of 0.5 to 1.0 ml. of the preparation 
prior to injection of the full dose; however, the 
absence of a reaction to the test dose does not 
preclude the possibility of reaction to the full 
diagnostic dose. Should the test dose produce an 
untoward response, the necessity for continuing the 
examination should be re-evaluated. If deemed 
essential, examination should proceed with all 
possible caution. In rare instances, reaction to the 
test dose may be extremely severe; therefore, 
close observation and facilities for emergency 
treatment are indicated. 

Renal toxicity has been reported in a few 
patients with liver dysfunction who were given oral 
cholecystographic agents followed by urographic 
agents; therefore, if known or suspected hepatic 
or biliary disorder exists, administration of 
Renografin-76 should be postponed following the 
ingestion of cholecystographic agents. Consider 
the functional ability of the kidneys before injecting 
Renografin- 76. Use cautiously in severely 
debilitated patients and in those with marked 
hypertension. Bear in mind the possibility of 
thrombosis when using percutaneous techniques. 

In excretion urography, adequate visualization 
may be difficult or impossible in uremic patients or 
others with severely impaired renal function (see 
Contraindications). In aortography repeated intra- 
aortic injections may be hazardous; this also 
applies to pediatric angiocardiography particularly 
in infants weighing less than 7 kg. (see Wamings). 
In peripheral arteriography, hypotension or mod- 
erate decreases in blood pressure seem to occur 
frequently with intra-arterial (brachial) injections; 
this is transient and usually requires no treatment. 
Monitor blood pressure during the immediate 10 
minutes after injection. It is recommended that 
selective coronary arteriography not be performed 
for about 4 weeks after diagnosis of myocardial 
infarction; mandatory prerequisites to this 
procedure are experienced personnel, ECG 
monitoring apparatus, and adequate facilities for 
immediate resuscitation and cardioversion. 


ADVERSE REACTIONS: Nausea, vomiting, flushing, 
or a generalized feeling of warmth are the 
reactions seen most frequently with intravascular 
injection. Symptoms which may occur are chills, 
fever, sweating, headache, dizziness, pallor, 
weakness, severe retching and choking, wheezing, 
a rise or fall in blood pressure, facial or conjunctival 
petechiae, urticaria, pruritus, rash, and other 
eruptions, edema, cramps, tremors, itching, 
sneezing, lacrimation, etc. Antihistaminic agents 
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may be of benefit; rarely, such reactions may be 
severe enough to require discontinuation of 
dosage. There have been a few reports of a 
buming or stinging sensation or numbness, of 
venospasm or venous pain, and of partial collapse 
of the injected vein. Neutropenia or thrombo- 
phlebitis may occur. Severe reactions which may 
require emergency measures (see Precautions) 
are a possibility and include cardiovascular 
reaction characterized by peripheral vasodila- 
tation with hypotension and reflex tachycardia, 
dyspnea, agitation, confusion, and cyanosis 
progressing to unconsciousness. An allergic-like 
reaction ranging from rhinitis or angioneurotic 
edema to laryngeal or bronchial spasm or 
anaphylactoid shock may occur. Temporary renal 
shutdown or other nephropathy may occur. 

Adverse reactions as a consequence of 
excretion urography include cardiac arest, 
ventricular fibrillation, anaphylaxis with severe 
asthmatic reaction, and flushing due to general- 
ized vasodilatation. Risks of aortography procedures 
include injury to aorta and neighboring organs, 
pleural puncture, renal damage (including 
infarction and acute tubular necrosis with oliguria 
and anuria), accidental selective filling of right 
renal artery during translumbar procedure in 
presence of preexistent renal disease, retro- 
peritoneal hemorrhage from translumbar 
approach, spinal cord injury and pathology 
associated with syndrome of transverse myelitis, 
generalized petechiae, and death following 
hypotension, amhythmia, and anaphylactoid 
reactions. In pediatric angiocardiography, arhyth- 
mia and death have occurred. During peripheral 
arteriography, hemorrhage from puncture site, 
thrombosis of the vessel, and brachial plexus palsy 
(following axillary artery injection) have occurred. 
During selective coronary arteriography and selective 
coronary arteriography with left ventriculography, 
transient ECG changes (most patients); transient 
amhythmias (infrequent); ventricular fibrillation 
(from manipulation of catheter or administration of 
medium); hypotension; chest pain; myocardial 
infarction; transient elevation of creatinine 
phosphokinase (occured in about 30% of patients 
tested); fatalities have been reported; hemomhage, 
thrombosis, pseudoaneurysms at puncture site, 
dislodgment of arteriosclerotic plaques, dissection 
of coronary vessels, and transient sinus arrest 
have occured due to the procedure. 

For full prescribing information, consult 
package insert. 
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TRACHEAL AGENESIS* 


By ERIC L. EFFMANN, M.D., THOMAS J. SPACKMAN, M.D., WALTER E. BERDON, M.D., 
JERALD P. KUHN, M.D., and JOHN C. LEONIDAS, M.D. 


NEW HAVEN, CONNECTICUT; NEW YORK, NEW YORK; BUFFALO, NEW YORK; AND KANSAS CITY, MISSOURI 


ABSTRACT: 


Tracheal agenesis is a rare anomaly that produces neonatal respiratory distress 
and has been uniformly lethal to date. In this malformation the entire trachea is 
usually absent, air reaching the bronchi through a communication with the esopha- 
gus, and the lungs are normally formed. The diagnosis should be suspected in any 
infant in whom improved ventilation is obtained despite difficult intubation and 


abnormal tracheal tube placement. 


Coexistent cardiac, gastrointestinal, and genitourinary anomalies are common. 
The growth of the tracheoesophageal septum and the elongation of the dividing 
foregut are crucial phases in the morphogenesis of this malformation. 


T AOA agenesis is one of the 
rarest and most refractory causes of 
neonatal respiratory distress. In only one"! 
of the 21 reported cases!3+4:7-911,12,19,21,24,26— 
30,33,38,42,46,48 did the infant survive the first 
week of life, and this child succumbed six 
weeks after an ambitious corrective pro- 
cedure. 

The clinical features and morphological 
findings reported in cases of tracheal agene- 
sis are strikingly uniform. In most, the 
entire trachea is absent, there is esophago- 
bronchial fistulous communication, and the 
lungs are normally formed. Many have had 
a wide spectrum of associated congenital 
anomalies. 


The purpose of this paper is: (1) to 
present five additional cases of tracheal 
agenesis gathered from four medical cen- 
ters; (2) to review the reported cases with 
emphasis on clinical similarities, roentgeno- 
logic aspects, and associated anomalies; 
and (3) to review the embryology of tra- 
cheal agenesis and related malformations. 


REPORT OF CASES 
Case 1. (T.B.; Y.N.H.H.—No. 770292.) This 


2050 gram male infant was born to a multi- 
parous mother after a 36 week gestation com- 
plicated by hydramnios. He developed respira- 
tory distress immediately after birth, but im- 
proved when he was intubated. 


* From the Departments of Radiology, the Yale-New Haven Hospital, New Haven, Connecticut; The College of Physicians and 
Surgeons, Columbia University, New York, New York; The Buffalo Children’s Hospital, Buffalo, New York; and The Children’s 


Mercy Hospital, Kansas City, Missouri. 
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Fic. 1. Case 1. Age 48 hours. (4) Anteroposterior and (B) lateral chest roentgenograms show the endotracheal 


tube posteriorly positioned in the air distended esophagus. Adequate ventilation was maintained with the 
tube in this position. The lungs are well aerated and clear. 


Extubation at 48 hours was followed by apnea 
and then a difficult reintubation. Roentgeno- 
grams showed the endotracheal tube in an ab- 
normally posterior position (Fig. 1, 4 and B), 
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Fic. 2. Case 1. Age 50 hours. A small amount of con- 
trast material was instilled in the esophagus 
through an infant feeding tube and outlines a 
communication from the anterior aspect of the 
esophagus to the proximal bronchi near the carina 
(arrow). 


but each time it was removed the infant became 
apneic and each time it was replaced it was 
again in abnormal position. Because tracheal 
agenesis was suspected, contrast medium was 
injected into the esophagus through a feeding 
tube (Fig. 2). This demonstrated a communica- 
tion between the esophagus and bronchial tree 
at the level of the bifurcation of the main 
bronchi. Fluoroscopically, the esophagus would 
distend markedly with each inspiration and 
collapse with expiration (Fig. 3, 4 and B). At- 
tempts to maintain aeration by the esophageal 
airway were unsuccessful and the infant died at 
59 hours of age. 

Autopsy disclosed a normal Jarynx. The 
trachea ended blindly just below the cricoid 
cartilage. No tracheal vestige was noted be- 
tween this blind pouch and the site of fusion of 
the main bronchi at the carina. A fistula one 
millimeter in diameter connected the carina 
with the esophagus. The lungs, although nor- 
mally developed, showed evidence of aspiration 
pneumonia. A ventricular septal defect and a 
large patent ductus arteriosus were found, only 
one umblical artery was present, and the right 
kidney was dysplastic. There was agenesis of 
the right radius and thumb. 


Comment. As in several other cases in the 


VoL. 125, No. 4 


a A A 1 M d ae 


Tracheal Agenesis 


769 





Fic. 3. Case 1. At 50 hours of age. Two photographical`y enlarged frames from a cineroentgenographic re- 
cording made at the time of contrast material study show a wide variation in esophageal caliber between 
inspiration (4) and expiration (B). This “bellows” effect is a clue to the presence of a communication 


between the trachea and esophagus. 


literature, the placement of a non-collapsi- 
ble tube in the esophagus improved aera- 
tion. While this infant did not meet the 
strict diagnostic features of the Holt- 
Oram syndrome, he belonged in a similar 
group with associated defects termed 
ventriculoradial dysplasia.'® 


Case 1. (B.D.; Y.N.H.H.—No. 64672.) This 
1,120 gram male infant was born to a 14 year 
old primiparous mother after an estimated 30 
week gestation period. The mother had sickle 
cell anemia and the pregnancy was complicated 
by hydramnios. 

At birth the infant was apneic. Despite what 
was felt to be a successful intubation, no venti- 
lation was achieved. The infant failed to re- 
spond to several reintubations and died at 15 
minutes of age. Postmortem roentgenog-ams 
(Fig. 4, 4 and B) showed air in the esophagus 
and upper gastrointestinal tract. The lungs were 
opaque but central air bronchograms were 
noted bilaterally. 


The larynx was normal at postmortem ex- 
amination and the trachea ended approxi- 
mately one centimeter below the vocal cords. 
The lungs were individually attached to the 
mid-esophagus by the main bronchi (Fig. 5). 
The right lung was bilobed and the left was 
trilobed, but both were of normal size. Micro- 
scopically the lungs were immature and the 
alveoli were filled with proteinaceous material 
and squamous epithelial cells. A small mem- 
branous ventricular septal defect and a single 
umbilical artery were present. 


Case 11. (N.B.; Babies Hospital—No. 187- 
33-37-) This 2,200 gram female infant was born 
to a 24 year old gravida 11, para mother eleven 
hours after spontaneous rupture of the mem- 
branes. The gestation was 41 weeks by dates 
but the infant appeared to be premature by 
physical examination. The Apgar score at one 
minute was one. A nasotracheal tube was in- 
serted with difficulty and produced some im- 
provement in respiratory status. A catheter for 
suctioning of the nasotracheal tube could be 
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Fic. 4. Case 11. (4) Anteroposterior and (B) lateral roentgenograms obtained shortly after death. Air is 


present in the esophagus, stomach, proximal small bowel, and the larger airways. The subcutaneous and 
mediastinal air was secondary to the resuscitation attempts. 


passed to 32 centimeters. A roentgenogram 
(Fig. 6, Æ and B) at that time showed the tip of 
the suction catheter in the stomach. Adequate 
respirator ventilation was maintained without 





Fic. 5. Case 1. Photograph of autopsy specimen of 
the esophagus and lungs (from behind). The main 
bronchi attached directly to the esophagus. The 
lungs are airless, and the left lung (on left) has 
three lobes and the right has two. 


altering the position of the nasotracheal tube 
until 21 hours of age when, after a grand mal 
seizure and episodes of bradycardia, the infant 
died. 

At postmortem examination the larynx was 
small, and no remnant of the trachea was iden- 
tified either grossly or microscopically from be- 
low the level of the cricoid cartilage to the 
carina. The two main bronchi fused to foim a 
normal carina and tiny distal tracheal stump. 
A small tubular structure connected the carina 
and the esophagus (Fig. 7). The lungs were 
morphologically normal but there was exten- 
sive hemorrhage into the alveoli. A few squa- 
mous epithelial cells were present within the 
alveoli. A complex congenital heart lesion was 
present (atrial septal defect, ventricular septal 
defect, over-riding aorta, patent ductus ar- 
teriosus, anomalous left pulmonary venous 
drainage into an enlarged coronary sinus and 
sclerosis of the pulmonary valve). Single um- 
bilical artery, ectopic pancreatic tissue in the 
jejunum, and multiple diaphragmatic eventra- 
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Fic. 6. Case 111. (4) Anteroposterior and (B) lateral roentgenograms show aeration of both lungs despite the 
intraesophageal location of the nasotracheal tube. A suction catheter passed easily through this naso- 
tracheal tube into the stomach. The lungs are well aerated and clear. 


tions were also present. 


Comment. Passage of a suction catheter 
into the stomach through the tube that was 
providing respiration suggested to the 
attending physicians that they were dealing 
with some form of tracheal atresia. Com- 
plex congenital heart defects have been 
noted in several of the cases of tracheal 
atresia reported to date.!+971,28:29,48 


Case 1v. (W.A.; Buffalo Children’s Hospital 
—No. 272746.) This child was born in an out- 
side hospital and obstetrical history is unavail- 
able. Mild hydramnios was observed, and the 
full-term male infant was in immediate respira- 
tory distress. Intubation relieved the distress, 
but it recurred when the tube was removed, 
and with each successive intubation it was 
thought that the tube had been removed from 
the esophagus and placed in the trachea. A 
chest roentgenogram (Fig. 8, 4 and B) after 
instillation of contrast medium into the esopha- 
gus showed the endotracheal tube to be in the 
esophagus, but no fistula to the tracheobron- 


chial tree was demonstrated. Shortly after ad- 
mission to the Buffalo Children’s Hospital the 
infant died. At autopsy the larynx was normal 
but the trachea was absent to the carina (Fig. 
9). The main bronchi joined in the midline and 
a fistula connected the esophagus to the poste- 
rior membranous portion of the carina. The 
lungs were firmly consolidated and intra- 
alveolar and intralobular hemorrhages were 
present. The right upper and middle lobes were 
incompletely separated. There was a ventricular 
septal defect and the left atrium and ventricle 
were hypoplastic. Additional findings included 
complete cleft palate, moderate stenosis of the 
second portion of the duodenum, a Meckel’s 
diverticulum, minor form anomalies of the liver 
and spleen, a bifid tenth left rib and an in- 
guinal hernia. 


Comment. Several other reported cases of 
tracheal agenesis have had obstructing 
lesions of the upper gastrointestinal 
tract" 


Case v. (B.C.; The Children’s Mercy Hos- 
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Fic. 7. Case 111. Photograph of autopsy specimen. 
The esophagus has been opened and the lungs re- 
moved. The arrow marks the esophageal orifice of 
the bronchial communication. 


pital—No. Ag7149.) This 1,860 gram male in- 
fant was born to a primiparous mother after a 
32 to 34 week gestation complicated by hy- 
dramnios. Labor and delivery were uncompli- 
cated but the infant was limp, cyanotic, and 
without respirations until he was intubated and 
given oxygen by bag. 

Roentgenograms showed extensive paren- 
chymal density thought to represent hyaline 
membrane disease and an abnormal position 
of the endotracheal tube which appeared to be 
located in the esophagus. Because of copious 
oral and pharyngeal secretions, the diagnosis 
of esophageal atresia was considered but was 
excluded by successful passage of a nasogastric 
tube into the stomach. Removal of the endo- 
tracheal tube from the esophagus resulted in 
deep cyanosis and marked deterioration in the 
infant’s clinical condition. Endoscopic examina- 
tion showed normal pharynx and vocal cords 
but it was not possible to pass a tube more than 
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a short distance beyond the cords. A small 
bronchoscope was passed into the esophagus 
and a connection to the respiratory tree was 
seen to extend as a single channel taking origin 
from the ventral wall of the esophagus at ap- 
proximately the junction of its middle and 
lower third. The infant was unable to sustain 
respirations and expired at approximately 24 
hours of age. Postmortem roentgenographic 
barium study demonstrated the blind upper 
airway immediately below the larynx and a 
communication between the esophagus and the 
carina (Fig. 10, 4 and B). 

The larynx was normal at autopsy but the 
airway ended blindly immediately below it. The 
main bronchi joined in the midline and from 
that point communicated with the esophagus 
through a fistulous connection which was easily 
probed (Fig. 11). The lungs were otherwise ana- 
tomically normal but showed congestion, poor 
aeration, aspiration pneumonia, and barium 
within the airways. A subarachnoid hemorrhage 
was found and associated congenital cardiac 
abnormalities included mitral and aortic valvu- 
lar atresia with aplasia of the left ventricle, and 
a large patent ductus arteriosus. 


Comment. Again the endotracheal tube 
provided improved aeration despite its 
position in the esophagus. In this case the 
diagnosis was made with certainty before 
death by endoscopic studies, and this in- 
fant and our Case 1 represent the fourth 
and fifth times the esophagobronchial com- 
munication has been demonstrated ante- 
mortem. 


DISCUSSION 


Classification and Incidence. Most recent 
reports of tracheal agenesis have utilized a 
division into three types as proposed by 
Floyd et a/.® (Fig. 12). In Type 1 there is 
agenesis of the upper trachea with an 
esophagotracheal communication to a nor- 
mal distal trachea. Type 1 is agenesis of the 
entire trachea with normal main bronchi 
fused in the midline at the carina. This is 
the most common form and all but two*®*8 
have had an associated communication 
from the esophagus to the fused bronchi. 
Complete tracheal agenesis with both of the 
bronchi connecting independently to the 
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esophagus constitutes Type 11. In all types 
the lungs are developmentally normal or 
show only minor form anomalies. 

Although all other reviews have in- 
cluded the case of Potter and Bohlender,* 
this actually represents a severe short 
segmental atresia with a malformed cricoid 
cartilage. Therefore, this case and a recent 
similar onet are not included in our review, 
but they are discussed as related anomalies. 
Technically, the two reported cases of total 
tracheopulmonary agenesis reported to 
date®*! qualify as cases of tracheal agenesis. 
However, they are also excluded in this 
review since they clearly represent an 
earlier developmental derangement. 

Our report of five cases of tracheal agene- 
sis brings the total number to 26 (Table 1). 
Three infants have had Type 1, seventeen 
have had Type 1 (15 with a communica- 
tion to the esophagus and two without) and 
six have had Type 111. 

Clinical Findings. Information concern- 
ing the mother’s pregnancy was available 
in 19 of the 26 cases. In seven cases the 
gestation was uncomplicated. Hydramnios 
was present in nine cases and is the most 
frequent complication. Four of these nine 
had associated anomalies of the upper gas- 
trointestinal tract which may produce 
hydramnios (Table 1). Two of the pregnan- 
cies were complicated by urinary tract in- 
fection (Joshi’s case?! and our Case 111) and 
one by antepartum hemorrhage.” Sixteen 
of the case reports specified birth weight, 
gestational age, or both: eleven infants 
weighed less than 2,500 grams and only five 
were full term and of normal birth weight. 
Fourteen of the 20 cases in which the in- 
fant’s sex was reported were male. 

Information regarding resuscitation at- 
tempts was available in most of the cases. 
All of the infants were born alive although 
several showed no spontaneous respira- 
tions. Intubation attempts failed in nine 
cases, and in four cases tracheostomy was 
also unsuccessful. Seven cases, including 
four of our five, improved with the place- 
ment of an endotracheal tube in the 
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Frc. 8. Case 1v. (4) Anteroposterior and (B) lateral 
chest roentgenograms obtained after contrast 
medium was instilled in the esophagus. This con- 
firms the intraesophageal location of the endo- 
tracheal tube but no communication with the 
tracheobronchial tree was demonstrated by roent- 
genography. Air is present only in the larger air- 
ways. Note the degree of distention of the distal 
esophagus in (4). 
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Fic. 9. Case 1v. Photograph of autopsy specimen. 
The epiglottis is shown near the top. The upper 
esophagus has been placed to the right and the 
trachea is absent. The lungs (below) attach to the 
esophagus via a small communication (arrow). 


esophagus. In each, extubation rapidly 
resulted in cyanosis and replacement of the 
tube improved the infant’s condition. The 
rigid tube appears to provide a splint for 
the collapsible esophagus. Only three in- 
fants survived longer than 24 hours, and 
none lived longer than six weeks. Two of 
these!" had surgical procedures aimed at 
supporting the upper esophagus and iso- 
lating it from gastrointestinal secretions. 

Roentgenographic Findings. Roentgeno- 
graphic examinations have been mentioned 
in only three previous case reports.!:9" In 
the case of Floyd et al.? contrast material 
was utilized to demonstrate the blind tra- 
cheal sac and an esophagopulmonary fis- 
tula. Fonkalsrud eż a/." instilled contrast 
material in the tracheostomy tube of their 
infant, demonstrated the intraesophageal 
position of the tube, and outlined a fistulous 
connection to a common bronchus. In the 
case of Altman et al. a chest roentgeno- 
gram shortly after birth was normal. On the 
third day of life, contrast material was 
instilled into the pharyngeal airway and 
demonstrated an esophagobronchial com- 
munication. 

In four of our five cases the tracheal tube 
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was thought to be within the esophagus but 
removal led to increased respiratory dis- 
tress which necessitated replacement. 
Marked posterior displacement of the tube 
was noted on the plain lateral roentgeno- 
gram in Case 1. The intraesophageal loca- 
tion of the tube in Cases mz and Iv was 
proved with the passage of a suction 
catheter and the instillation of contrast 
material, and in Case v the anomaly was 
demonstrated by esophagoscopy. The sug- 
gestion of intraesophageal location of the 
nasotracheal or endotracheal tube in an 
infant whose respiration improves with 
such intubation should suggest the diag- 
nosis of tracheal agenesis with an esophago- 
bronchial communication. Case 1 and Case 
Iv showed a dramatic fluctuation in eso- 
phageal caliber during ventilation, a clue 
to the presence of a communication be- 
tween the esophagus and the airways. Case 
1 is the fourth and Case v is the fifth time 
in which an esophagobronchial communica- 
tion was demonstrated while the infant was 
still alive. Positive contrast material failed 
to show the fistula in Case 1v, but the 
lungs were airless and the communication 
may have been occluded. 

Associated Anomalies and Pathology. 
Seventeen of 22 cases with complete reports 
had other anomalies in addition to tracheal 
agenesis (Table 1), and in several cases 
severe multi-system anomalies were pres- 
ent. In 14 infants with cardiac abnormali- 
ties, incomplete septum formation was the 
most common finding, but several had 
complex defects. Six of the eight infants 
with malformations of the gastrointestinal 
tract had incomplete development of the 
foregut or midgut. Five infants had major 
malformations of the urinary tract and 
three showed genital anomalies. Limb 
anomalies were present in three cases and 
one had hemivertebrae. Witzleben’s‘® in- 
fant had hydrocephalus and microphthal- 
mia and represented the only case with 
neurological defects. 

The state of the lungs at autopsy was 
documented in Ig cases. Incomplete lobu- 
lation was present in two cases?%48 and 
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Fic. 10. Case v. (4) Anteroposterior and (B) lateral chest roentgenograms after postmortem instillation of 
barium showing the blind upper airway (arrow on lateral film) and filling of the bronchi from the esophagus. 


our Case Iv, and our second case had bi- 
lobed right and trilobed left lungs. Three 
cases including our Cases 111 and tv showed 
evidence of intra-alveolar hemorrhage.’ 
Vascular congestion was noted in three 
cases’’** including our Case v; and inter- 
lobular septal edema was present in one 
case.*® Those infants surviving the immedi- 
ate postnatal period showed evidence of 
aspiration or hemorrhagic pneumonia!?"! 
(Cases 1 and v). Four cases**-#8 including 
our Cases 11 and 111 showed squamous epi- 
thelial cells within the alveoli, attesting to 
patency of the communications in utero. 
Embryology. To understand the numer- 
ous theories concerning the etiology of 
tracheal agenesis and related malforma- 
tions, a knowledge of the formation of the 
trachea is necessary. The respiratory sys- 
tem arises as a midline ventral diverticulum 
from the proximal foregut during the 21-24 


day stage of development,‘*:“ and this is 
associated with formation of a groove on 
the internal surface of the foregut (Fig. 
134). During the next ten days, rapid 
longitudinal growth of the foregut and the 
laryngotracheal groove takes place. At 
approximately 25-27 days, development 
of the tracheoesophageal septum begins 
(Fig. 138). Lateral ridges develop sepa- 
rating the tracheal groove from the remain- 
ing foregut, and these eventually meet in 
the midline (Fig. 13C). This process of 
division of the respiratory and digestive 
system begins caudally and extends crani- 
ally and is almost complete by the 32-34 
day stage.*° Laryngeal differentiation be- 
gins as the tracheoesophageal septum nears 
ccmpletion. 

Embryologic discussions in the cases of 
tracheal agenesis reported to date have 
relied heavily upon existing theories pro- 


Effmann, Spackman, Berdon, Kuhn and Leonidas 





ee ' k MA 
Fic. 11. Case v. Photograph of the autopsy specimen 
showing the esophagus with the larynx above and 
the stomach below. The trachea is absent and the 
two main bronchi connect with the esophagus by 
a fistula from the carina. 





posed to explain esophageal atresia and 
tracheoesophageal fistula. Epithelial over- 
growth with resultant occlusion and subse- 
quent recanalization has been a popular 
explanation for atresias and stenoses of 
tubular structures. However, complete 
epithelial occlusion of the esophagus does 
not occur normally in humans,” and it 
would not, of course, account for the pres- 
ence of a fistula to the trachea. The trachea 
does not undergo an epithelial occlusion 
stage. 

Fluss and Poppen!’ reported three cases 
of tracheoesophageal fistula and esophageal 
atresia that were associated with anomalies 
of the arterial system and speculated that 
the vessels which crossed behind the 
esophagus at the site of the defects had 
exerted external pressure and had produced 
the defects. These anomalous vessels prob- 
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ably represented associated rather than 
causal anomalies since this is an inconsist- 
ent association. 

Keith and Spicer, Rosenthal,” Gruen- 
wald, Smith,‘ and Bremer® have all pro- 
posed abnormalities in the formation of 
the tracheoesophageal septum, or the rapid 
growth and elongation of the foregut, or 
both, as instrumental in producing eso- 
phageal atresia and tracheoesophageal fis- 
tula. Rosenthal,’ reviewing eight cases of 
esophageal atresia wiéh tracheoesophageal 
fistula, emphasized the failure of the endo- 
dermal lateral ridges to completely sepa- 
rate the trachea from the esophagus. 
Gruenwald” stressed that a comprehensive 
theory must explain not only the fistula 
(as Rosenthal’s theory had done) but also 
the atresia of the esophagus. He postulated 
an interaction of two relatively independent 
processes, division of the foregut into 
trachea and esophagus and the rapid 
elongation of those structures, as funda- 
mental in understanding this complex 
anomaly. If separation of the trachea and 
esophagus does not precede a phase of 
rapid growth, the esophagus might be 
“stretched out” by the faster growing 
laryngotracheal portion and esophageal 
atresia would result. Smith, utilizing 
Streeter’s work,*:* supported Gruenwald’s 
theory and proposed that an imbalance of 
these two independent phenomena results 
In a spectrum of anomalies ranging from 
isolated esophageal atresia to isolated tra- 
cheoesophageal fistula. Devenis and Otis’ 
have postulated that tracheal agenesis may 
result from a similar stretching of the 
trachea, but this seems to be an oversimpli- 
fication since the tracheal portion of the 
common foregut develops at a faster rate 
than the esophageal portion." 

Bremer developed a comprehensive 
theory that perhaps best explains tracheal 
atresia and its relation to tracheoesophageal 
fistula. He based his theory on deviation 
of the tracheoesophageal septum from its 
normal position. Dorsal and ventral dis- 
placement of the folds would result in 
esophageal or tracheal atresia, respectively, 
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Fic. 12. Diagram of the three types of tracheal agenesis (after Floyd et a/.°). Type 11, with absence of the 
trachea to the level of the carina, is the most common. 


and oblique development of the folds might 
result in rarer forms of anomalous bronchi 
such as one from the trachea and one from 
the esophagus. Early ventral deviation of 
the lateral folds followed by lengthening of 
the foregut would result in bronchi and 
lungs appearing to develop from the distal 
esophagus as in our cases. 

According to Spencer,“ cases of “total” 
sequestration of the lung represent a closely 
related anomaly. In eight cases reported to 
date,” 16:17,22,25,32.45.47 the right lung was sup- 
plied solely by a bronchus arising from the 
esophagus, and the left lung arose from a 
normal trachea. As noted above, Bremer 
would attribute such a malformation to 
oblique development of the tracheoeso- 
phageal septum. The relationship of this 
rare anomaly to the more common forms 
of bronchopulmonary sequestration is un- 
clear. Halasz et al.!6 reported one case of 
such “total” sequestration and postulated 
that intralobar sequestration, extralobar 
sequestration, esophagobronchial fistulas, 
bronchogenic cysts, and esophageal cysts 
all represent a spectrum of anomalies of the 
primitive foregut. 


Several related tracheoesophageal septal 
anomalies deserve mention. Potter and 
Bonlender* reported a case with stenosis 
of the subglottic portion of the trachea and 
malformation of the cricoid cartilage. Simi- 
lar degrees of subglottic stenosis were noted 
by Sayre and Hall? in two infants with 
tracheoesophageal fistula. Peison eż al 
recently reported a case in which there was 
a īstula from the trachea to the esophagus 
0.3 cm above the tracheal bifurcation. 
Above this, the tracheal cartilages gradu- 
ally enlarged and finally fused, and in the 
subglottic area the lumen was totally ob- 
literated by connective tissue. This case 
is thus related to the subglottic stenosis 
cases as well as to the cases of Type 1 
tracheal agenesis. 

Another rare anomaly involving the 
tracheoesophageal septum is the laryngo- 
tracheoesophageal cleft.5:":2° This may vary 
m severity from a small cleft in the larynx 
to persistent esophagotrachea, which is an 
almost total union of the trachea and 
esophagus into a single tube. This anomaly 
is explained as an arrest in the cranial 
movement of the tracheoesophageal sep- 
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SUMMARY OF REPORTED CASES OF TRACHEAL AGENESIS AND THEIR ASSOCIATED ANOMALIES 


Authors 


Payne” 

Beneke? 

Walcher* 

Fritz” 

Benesova and Peter‘ 
Marek” 

Milles and Dorsey?’ 
Kessel and Smith” 
Sandison*® 


Hempel!’ 
Devenis and Otis’ 


Stowens*” 
Floyd et al.? 


Fonkalsrud eż al.!! 
Witzleben*® 


McCracken et al.?3 
Lyons and Bruce” 
Lyons and Bruce” 


Joshi% 


McNie and Pryse-Davies”® 


Altman et a/ 


Present Report 
Case I 


Case II 


Type 


II (8) 


II 


II 


III 


Cardiovascular Anomaly 





Coarctation of aorta PDA 





— 


? 


? 
PDA, ASD, VSD 
Tricuspid stenosis 
Bicuspid pulmonary valve 
Aberrant portal vein 
VSD 
Total anomalous pulmonary 
venous connection 
ASD 
Persistent left SVC 


Cor biloculare 

Transposition of the great 
vessels 

Congenital heart lesion—not 
specified 





Tetralogy of Fallot 


Truncus arteriosus ASD, VSD 
Total anomalous pulmonary 
venous connection 


Atrioventricular canal 


VSD, PDA 


VSD 


Other Anomaly 





? 


? 





Deformed thumb 
Bilateral undescended testes 





Hypoplastic right kidney and 
ureter 
p 
Meckel’s diverticulum 
p 
Imperforate anus 
Single aplastic kidney 


Cystic right kidney 
Gastric hypoplasia 
Duodenal atresia 
Absent gallbladder 
Meckel’s diverticulum 
Bicornuate uterus 
Atrophic fourth digit 
Hydrocephalus 
Microphthalmia o.s. 


Other anomalies—not specified 





Imperforate anus 

Bilateral atresia of lower 
ureters 

Annular pancreas occluding du- 
odenum 

Duodenal web 


Dysplastic kidney 
Hypoplastic penis 
Undescended testis 

Absent right radius and thumb 
Right lung bilobed 

Left lung trilobed 





II (5)=complete tracheal atresia without esophagotracheal or esophagobronchial communication. 
PDA= patent ductus arteriosus. 
ASD=atrial septal defect. 
VSD= ventricular septal defect. 
SVC= superior vena cava. 
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TABLE I (Continued) 


2 lana eee tena eeemeermmecceenmemermne ee, 





raa Authors Type Cardiovascular Anomaly Other Anomaly 
24 Case m1 II Complex Ectopic pancreatic tissue in 
jejunum 
Multiple diaphragmatic even- 
trations 
25 Caseiv II VSD Cleft palate 
Hypoplasia of left ventricleand Duodenal stenosis 
left atrium Meckel’s diverticulum 
Anomalies of liver and spleen 
é Inguinal hernia 
Hemivertebra 
26 Case v II PDA 
Hypoplastic (aplastic) left 
ventricle 





DIFFERENTIATION OF FOREGUT INTO ESOPHAGUS 
AND TRACHEA 





A. 

B. 

C. 
Cephalic 


Fic. 13. Schematic representation of the separation of the trachea and esophagus in normal embryogenesis. 
(4) Development of the laryngotracheal groove on the ventral aspect of foregut; (B) evolution into a lung 
bud and beginning formation of the tracheoesophagea] septum; (C) bifurcation of the single lung bud into 
main bronchi and partial construction of the tracheoesophageal septum. 


780 


tum.® If this arresteis early, then a per- 
sistent esophagotrachea results. If the 
arrest in cranial movement of the septum 
is late, then the dorsal fusion of the cricoid 
cartilage is prevented, resulting in a cleft 
larynx. 

In the small number of cases of tracheal 
agenesis reported to date, no genetic pat- 
tern has been noted. McNie and Pryse- 
Davies’? case was a twin, and the other 
sibling was normal. The embryologic time 
course of several of the associated anoma- 
lies present in affected infants closely cor- 
responds to that of the developing trachea. 
The fourth to sixth weeks are crucial 
phases in cardiac septal formation, distal 
foregut and midgut differentiation, renal 
development, and limb growth. The fre- 
quent presence of multisystem anomalies, 
most of which have similar developmental 


schedules, suggests a common timing of 


these malformations. The purely random 
association of these rare anomalies would 


be highly improbable. 


Thomas J. Spackman, M.D. 
Department of Radiology 

The Children’s Hospital of Philadelphia 
34th Street and Civic Center Boulevard 
Philadelphia, Pennsylvania 19104 
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ROENTGENOGRAPHIC FEATURES OF MUSHROOM 
(Amanita) POISONING* 


By LAURENCE G. HANELIN, M.D.,t and ALBERT A. MOSS, M.D. 
SAN FRANCISCO, CALIFORNIA 


ABSTRACT; 


The clinical and roentgenographic features of six cases of Amanita mushroom 
poisoning were reviewed. The roentgenographic manifestations included adynamic . 
ileus (three patients) and small, irregularly shaped kidneys secondary to the healing 
process of acute tubular necrosis (one patient). Intestinal pseudo-obstruction can 
result from many medical problems and mushroom poisoning slfould be considered 


in its differential diagnosis.® 


ig is well known that poisoning from 
mushrooms of the genus Amanita can 
produce complications of the kidney, liver, 
and central nervous system. Severe, ady- 
namic ileus is usually not included in dis- 
cussions of this uncommon and often fatal 
condition. A recent case of Amanita phal- 
loides poisoning in which prolonged intesti- 
nal pseudo-obstruction occurred prompted 
a I year retrospective review of our medi- 
cal records that disclosed five additional 
cases of Amanita poisoning. Two of the pa- 
‘tients had severe intestinal ileus. The 
roentgenographic features of mushroom 
poisoning have not been described in the 
roentgenologic literature. We wish to pre- 
sent these features and to offer possible 
explanations for the ileus caused by poison- 
ing from the Amanita mushroom. 


REPORT OF CASES 


Case 1. An 87 year old Italian man ingested 
several white-capped wild mushrooms on De- 
cember 15, 1974. Twenty-two hours later he 
developed severe nausea, vomiting, abdominal 
cramps, and profuse diarrhea. He was admitted 
to a local hospital on December 16, 1974. 
Physical findings were unremarkable. Labora- 
tory studies showed blood urea nitrogen to be 
28 mg/dl, creatinine 3.0 mg/dl, sodium 137 
mEq/L, potassium 6.6 mEq/L, chloride 103 
mEq/L, and serum glutamic oxaloacetic trans- 
aminase 160 IU/L. The patient became oliguric 
and was transferred on December 17, 1974, to 


our hospital for thioctic acid therapy. 

On arrival, the patient was alert but vomiting 
blood-tinged material. The physical findings 
were still normal. A laboratory profile showed 
blood urea nitrogen to be 43 mg/dl, creatinine 
4.4 mg/dl, serum glutamic oxaloacetic trans- 
aminase 1,440 IU/L, total bilirubin 1.6 mg/dl, 
and hematocrit 49.5 percent. Nasogastric 
aspirate and stool specimens were guaiac-posi~ 

tive. Roentgenograms of the chest and supine 
and upright views of the abdomen demon- 
strated elevated diaphragm leaves and marked 
gaseous distention of the stomach, small bowel, 
and entire colon. Several, small, air-fluid levels 
were present within the colon, but there was no 
free air nor obvious ascites (Fig. 1). The patient 
was treated with intravenous fluids, thioctic 
acid, and neomycin. Thin-layer chromatogra- 
phy performed on a stool specimen disclosed 
high levels of Amanita toxin and confirmed the 
clinical impression of Amanita phalloides poi- 
soning. Gradually, over the next six days, there 


was considerable improvement in the renal 


function and repair of hepatocellular damage. 
The serum liver enzyme values became normal, 
the blood urea nitrogen fell to 29 mg/dl, and 
the creatinine fell to 2.1 ml/dl. The adynamic 
ileus disappeared along with the improvement 
in renal and hepatic conditions. 

On December 22, 1974, the patient developed 
an enterococcal infection of the urinary tract, 

which was followed by a rise in the blood urea 
nitrogen to 36 mg/dl and creatinine to 6 mg/dl. 
An excretory urogram demonstrated poor func- 
tion bilaterally but normal-sized kidneys and 
no distention of the pyelocalyceal systems. 


* From the Department of Radiology, University of California School of Medicine, San Francisco, California. 
t Assistant Professor of Radiology, University of California School of Medicine, Los Angeles, Harbor Campus, Torrance, California. 
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Two days later the patient’s abdomen became 
distended, and roentgenograms of the abdo- 
men disclosed recurrence of the adynamic ileus. 
This condition progressed and became severe 
by December 28. On the same date, the creati- 
nine level rose to a level of 14.8 mg/dl, but the 
liver enzyme values remained normal. Hemo- 
dialysis, using a Scribner shunt, was instituted 
and performed intermittently for the next two 
weeks. During this time, the serum creatinine 
stabilized in the 7 to 8 mg/dl range and per- 
sisted at this level for the remainder of the hos- 
pital course. The adyrmmic ileus gracually re- 
solved during the period of dialysis. The patient 
was discharged on the forty-third hospital day 
with mild residual renal failure. He was totally 
asymptomatic. 


Case 11. A 43 year old, Caucasian male alco- 
holic was in good health until November 13, 
1962, when he ingested wild mushrooms. Five 
hours later, he developed severe nausea, vomit- 
ing, and diarrhea. He was admitted to a local 
hospital. Over the next three days he was 
treated with intravenous fluids. The gastroin- 
testinal symptoms gradually abated but he be- 
came oliguric and, on November 16, 1962, was 
transferred to the University of California, San 
Francisco, for treatment of his renal failure. 


É 





3 


Fic. 1. Case 1. Upright view of the abdomen. There 
is marked distention of the small bowel and colon 
by gas and several, short, air-fluid levels can be 
seen. 
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Physical examination disclosed signs of de- 
hydration, abdominal °distention, and hypo- 
active bowel sounds. At admission, the stool 
was guaiac-positive and laboratory studies 
showed sodium to be 112 mEq/L, potassium 
6.2 mEq/L, bicarbonate 8.3 mEq/L, chloride 
72 mEq/L, creatinine 13.6 mg/dl, and blood 
urea nitrogen 202 mg/dl. Liver function tests 
demonstrated 50 percent Bromsulphalein re- 
tenticn at 45 minutes, serum glutamic oxalo- 
acetic transaminase 86 IU/L, prothrombin 
time 47 percent, and total bilirubin 2.2 mg/dl. 
Initiz] roentgenographic examination of the 
chest and abdomen demonstrated elevated dia- 
phragm leaves and gaseous distention of mul- 
tiple loops of the small bowel and colon but no 
evidence of free air or ascites. This pattern was 
compatible with severe adynamic ileus. It per- 
sisted throughout the hospital course. Perito- 
neal dialysis was begun on the day of admission 
and continued for seven days. On the fourth 
hospital day, the patient developed septicemia 
from Escherichia coli and Pseudomonas. Three 
days later, after becoming disoriented and then 
comatose, he died. 

Autopsy disclosed marked dilatation of the 
small bowel. The mucosa of the stomach and 
small bowel was edematous and hyperemic. 
Histologic evaluation of the kidneys revealed 
acute tubular necrosis. There were also centri- 
lobular necrosis of the liver, myocarditis, and 
several pulmonary abscesses. 


Case ur. A 43 year old American Indian 
woman was in good health until October 4, 
1¢62, when she ingested several wild mush- 
rcoms. Three to four hours later she developed 
nausea, vomiting, and slight lacrimation. She 
was admitted to a local hospital and was given 
atropine to control her vomiting. During the 
next three days she became oliguric and, on 
October 8, 1962, she was transferred to the 
University of California San Francisco for 
treatment of renal failure. 

At physical examination the patient was 
dyspneic and lethargic. Her blood pressure was 
750/110 mm of Hg and pulse 88/min. There 
were generalized edema, diminished breath 
sounds at both lung bases, an abdominal fluid 
wave, and bilateral costovertebral angle ten- 
derness. Initial laboratory values included 
serum glutamic oxaloacetic transaminase 2I 
IU/L, total bilirubin 0.3 mg/dl, sodium 108 
mEq/L, potassium 5.6 mEq/L, chloride 78.5 
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She was subsequently seen as an out-patient 
because of mild progressive renal failure sec- 
ondary to the mushroom poisoning. A repeat 
excretory urogram in 1969 showed contraction 
of both kidneys, the right kidney measuring 
10.7 cm and the left 11.9 cm in length. The 
renal outlines had become lobulated, but the 
pyelocalyceal systems were normal (Fig. 38). 
The patient is currently asymptomatic and has 
persistent chemical evidence of mild renal 
failure. 


No roentgenogramg were available of 
Cases 1v through vi. These cases are pre- 
sented in Table 1. Two of these patients 
(Cases 1v and v) had liver damage without 
renal impairment and, on physical exami- 
nation, exhibited no evidence of an ady- 
namic ileus. They had mild and uncompli- 
cated clinical courses. Case vi is an example 
of severe mushroom poisoning causing 





. i a 
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Fic. 2. Case 111. Supine view of the abdomen. The 
transverse colon and several loops of small bowel 
in the lower abdomen are dilated. 





mEq/L, bicarbonate 18.5 mEq/L, and blood 
urea nitrogen 94 mg/dl. Chest roentgenograms 
demonstrated bilateral lower lobe, discoid 
atelectasis. Supine and upright views of the 
abdomen disclosed dilated loops of small and 
large bowel (Fig. 2) with multiple, short, air- 
fluid levels in the colon. The patient was treated 
intermittently with peritoneal dialysis for acute 
tubular necrosis. Her hospital course was char- 
acterized by a slow, uncomplicated return of 
renal function. No additional abdominal roent- 
genograms were obtained, and physical exam- 
ination during the hospitalization did not indi- 
cate persisting ileus. An excretory urogram per- 
formed on the thirty-fourth hospital day dem- 
onstrated poor renal function bilaterally but 
no evidence of obstruction. The renal contours 
were smooth with the right and left kidneys 
measuring 12.6 and 13.9 cm in length respec- 
tively (Fig. 34). A left renal biopsy performed 
on the same day revealed necrosis of the prox- 
imal and distal convoluted tubules and diffuse not seen because of acute tubular necrosis. The 
interstitial fibrosis. The patient was discharged kidnéys‘are of narmal size and the renal contours 
on the forty-eighth hospital day with mild, are smooth. (B) Five minute film (1969) demon- 
residual renal dysfunction. The creatinine was strates small and lobulated kidneys with normal 
4.9 mg/dl. pyelocalyceal systems. 





Fic. 3. Case 111. (4) Five minute film from excretory 
urogram (1962). The pyelocalyceal systems are 
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TABLE I 


Roentgenographic Features of Mushroom Poisoning 
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e 
PERTINENT FEATURES OF MUSHROOM (AMANITA) POISONING IN 6 PATIENTS 








Roentgenographic Findings 


Clinical Course 





Days x 
Age ; SGOT Creatinine 
Case $ Presenting Symptoms after 
Sex Faueatind (IU/L) (mg/dl) 
1 87,M Nausea; emesis; diarrhea; I 160 3 
abdominal pain 2 1440 hug 
4 2160 2.9 
6 418 2.1 
7 160 2.1 
9 80 Bg 
14 14.8 
a 44 7°7 
u 43,M Nausea; emesis; diarrhea; 3 86 13.6 
gastrointestinal bleeding 
10 >9.0 
111 43,F Nausea; emesis 4 21 8.8 
38 7.6 
47 4.6 
1v 32,M Nausea; emesis; diarrhea I 2580 1.9 
2 2790 1.2 
II 40 
v 35,M Nausea; emesis; diarrhea; I 260 
abdominal pain; shock 2 410 
4 245 1.3 
vI ar Nausea; emesis; diarrhea; I 750 
mo., abdominal pain; gastro- 3 1:3 
M intestinal bleeding; cen- 
tral nervous system 
complication 


rapid deterioration of renal, hepatic, and 
central nervous system function ending in 
death four days after ingestion of the 
mushrooms. This patient also showed no 
clinical evidence of an adynamic ileus, and 
autopsy revealed normal small and large 
bowel. 


DISCUSSION 


The clinical pattern of poisoning from 
the Amanita mushroom can be divided into 
three separate stages.? The first stage is 
characterized by a period without symp- 
toms of six to 24 hours, followed by severe 
nausea, vomiting, abdominal cramps, and 


Severe ileus (resolved on day 
7) 


Recurrence of ileus 

Severe ileus with resolution 
or day 28 

Poer renal opacification but 

nermal kidney size and py- 
elbcalyceal systems 

Severe adynamic ileus 
throughout hospitalization 


Moderate adynamic ileus; 
poor renal opacification; 
k dneys normal size and 
centour. Seven years later, 
small, irregular kidneys 
and normal pyelocalyceal 
systems 

None 


None 


None 


Hepatocellular damage and 
renal failure with apparent 
resolution 


Recurrence of renal failure; 
hemodialysis 


Discharged 43rd hospital day 
with stable creatinine 


Mild hepatocellular damage; 
renal failure; peritoneal 
dialysis complication— 
septicemia; died 7th hos- 
pital day 

Acute tubular necrosis; peri- 
toneal dialysis—no com- 
plications; discharged 43rd 
hospital day with mild re- 
nal failure 


Hepatic impairment without 
renal complications; no 
clinical evidence of ileus; 
discharged on gth hospital 
day 

Hepatic impairment without 
renal complications; no 
clinical evidence of ileus; 
discharged on 4th hospital 
day 

Progressive hepatic and renal 
failure; died on day of ad- 
mission; autopsy—focal 
gastric erosion, normal 
small and large bowel, 
fatty infiltration of the 
liver, acute tubular ne- 
crosis, and cerebral edema 


profuse watery diarrhea. Electrolyte dis- 
turbances occur, and without adequate 
fluid replacement the patient may succumb 
at this stage. In the second stage, which 
may last 48 hours, some patients appear to 
be recovering but often this is a false remis- 
sion followed by the critical third stage. 
The third stage is characterized to varying 
degrees by acute renal tubular necrosis, 
hepatocellular damage, and signs of central 
nervous system and myocardial dysfunc- 
tion. The patient usually dies four to eight 
days after the onset of symptoms; mortal- 
ity rates vary between 45 percent and go 
percent. 
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The toxins responsible for the initial gas- 
trointestinal symptoms and subsequent 
third stage abnormalities are known as 
amanitines.’ They are cyclopeptides that 
act on the liver by inhibiting nucleolar 
ribonucleic acid polymerase. This leads to 
nucleolar and, later, nuclear and cyto- 
plasmic break up.’ In the kidney, the 
amanitine complex is filtered by the glo- 
meruli and directly damages the convoluted 
tubules, producing acute tubular necrosis 
and, with healing, an interstitial fibrosis.’ 

The gastrointestinal symptoms of 4ma- 
nita mushroom poisoning have been ex- 
perimentally produced in dogs by intra- 
peritoneal injection of amanitine.’ Vomiting 
and diarrhea developed nine to eleven 
hours after injection, and all animals died 
within 20 to 24 hours. Histologic examina- 
tion demonstrated a generalized hemor- 
rhagic gastroenteritis. 

In humans, histologic findings from au- 
topsy material usually demonstrate gastro- 
intestinal edema and congestion; hemor- 
rhagic gastroenteritis; hyperplasia of in- 
testinal lymphoid tissue and of deep 
abdominal lymph nodes and; rarely, small 
bowel dilatation.! 

Severe adynamic ileus secondary to 
Amanita mushroom ingestion is considered 
rare.” It has also been reported secondary 
to poisoning from the Galerina mushroom, 
which is known to contain amanitine.‘ In 
this case, as in our patients, the ileus de- 
veloped during the third clinical phase after 
initial gastrointestinal symptoms had 
abated. 

The cause of the adynamic ileus is not 
clear, but several possibilities exist: (1) Al- 
though the mechanism is unknown, uremia 
and accompanying complex disturbances of 
electrolyte balance have been associated 
with intestinal pseudo-obstruction. This 
may be the explanation in mushroom 
poisoning. In our three cases and in the one 
in which it was secondary to Galerina 
mushroom ingestion, ileus developed with 
the onset of renal failure. In one patient 
(Case 1) the ileus resolved as renal function 


Laurence G. Hanelin and Albert A. Moss 


DECEMBER, 1975 


improved, only to reappear with the recur- 
rence of uremia. In the other two patients, 
the ileus resolved during dialysis. (2) As 
Grossman and Malbin* suggested, the 
ileus may result from the initial, severe 
gastroenteritis. (3) The ileus can also be 
considered the result of a direct toxic effect 
on the bowel wall. As with other organ im- 
pairment, a critical period of time elapses 
before the visceral damage becomes ap- 
parent. The resolution of the ileus might 
also occur independent of other organ re- 
covery.’ In this regard, chromatography of 
the bowel may identify the amanitines.‘ 
(4) These mushrooms may contain addi- 
tional substances which have anticholin- 
ergic properties. Other possible causes of 
adynamic ileus, such as hypokalemia and 
peritonitis, were not encountered in our 
patients. 

In our series, the adynamic ileus was 
not confused clinically or roentgenographi- 
cally with colonic obstruction. Although of 
concern, the ileus was overshadowed by the 
other critical medical problems. It was 
treated conservatively by use of intra- 
venous fluids, nasogastric suction, and re- 
striction of oral intake. 


Albert A. Moss, M.D. 

Department of Radiology, M-380 
University of California School of Medicine 
San Francisco, California 94143 
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_ RENAL HEMANGIOMAS* 
AN ANALYSIS OF 13 CASES DIAGNOSED BY ANGIOGRAPHY 


By LEIF EKELUND, M.D., and JAN GOTHLIN, M.D. 


LUND, SWEDEN 


ABSTRACT: 


The angiographic findings in 13 patients with renal hemangiomas (one pararenal) 
are presented. The material suggests, contrary to earlier reports, a predominance 
for the female sex and the right kidney. Nine of the patients had macroscopic hema- 
turia, of which five had renal colic. Obstruction was found at urography in seven 
cases. Renal angiography is the definitive diagnostic procedure and should be per- 
formed in all cases of unexplained macroscopic hematuria. Diagnosis may eventually 
be improved by pharmacoangiography or by hemodynamic studies using a dye dilu- 
tion technique, as small arteriovenous shunts may remain undetected at angiog- 
raphy. Cardiac decompensation was not noted in our material, even though arterio- 
venous shunting within the hemangioma was seen in eight cases, suggesting that the 
shunt flow in renal hemangiomas usually does not reach levels high enough to impair 
the general circulation. Hypertension was present in only one patient, attributed to 
chronic pyelonephritis. Hematuria disappeared in all nine patients operated upon. 


EMANGIOMAS of the kidney are con- 

sidered rare. Only scattered reports 
exist of hemangiomas diagnosed iz vivo and 
preoperatively ,!:3:5.7,8,13,14,16,19,20 As heman- 
giomas often cause hematuria, a correct 
preoperative diagnosis is fundamental for 
the planning of surgery, which may be 
limited to renal resection. We therefore 
thought it worthwhile to report our ex- 
perience with 13 cases diagnosed by angi- 
ography, six of which have been presented 
earlier by this institution.!416 We thus 
add seven new cases to the literature. 


MATERIAL AND METHOD 


The material was comprised of 13 pa- 
tients, two males and eleven females, aged 
from 21 to 60 years. Urography and bi- 
lateral selective angiography of the kidneys 
in at least two projections were performed 
in all cases. In reviewing the angiograms 
special attention was paid to kidney size, 
caliber of main renal artery, size of heman- 
gioma, possible arteriovenous shunting, and 
evidence of local ischemia peripheral to the 
hemangioma. In two cases renal blood flow 
studies were performed with a dye dilu- 


tion technique in connection with angiog- 
raphy." Shunt flow was calculated accord- 
ing to Ekelund and associates.’ In one case 
renal phlebography was also performed. 


RESULTS 
(Table 1) 


Five of the patients were examined be- 
cause of renal colic and macroscopic hema- 
turia (Cases 1-111, x and xu) and in all of 
them obstruction was found at urography. 
Further, four patients with macroscopic 
hematuria without pain were referred for 
urography, and in two cases obstruction 
was demonstrable. In one of them urog- 
raphy revealed infundibular displacement; 
in the other patient, with painless macro- 
scopic hematuria, the examination was nor- 
mal. Urography was also normal in two 
patients with painless microscopic hema- 
turia (Cases v and vit). In one patient 
examined because of hypertension and re- 
curring urinary infections, pyelonephritic 
changes were found at urography (Case 
x11), while in the last patient, investigated 
for suspected malignancy, it was normal 


(Case x1). 


* From the Department of Diagnostic Radiology, University Hospital, S-221 85 Lund, Sweden. 


788 


Vor. 125, No. 4 Renal Hemangiomas 789 


TABLE Í 


CLINICAL AND ROENTGENOLOGICAL FINDINGS IN 13 PATIENTS WITH RENAL HEMANGIOMAS 
ee ——eeeeeeSsSsSSSSSSSSSSSSS/350 3050/0(w“waoss00 SS —NaaaoewS©S eres 


Angiography 





Case ! Hematuria Urography Size of Arterio- 
(years) Colic Heman- venous 
gioma Shunting 
I 30 F -= Macroscopic Obstruction 20X30 mm =- 
II 26 M Ea Macroscopic Obstruction 10X20 mm — 
III 28 F a: Macroscopic Obstruction 25X15 mm + 
IV 52 F — Macroscopic Obstruction 30X40 mm + 
v 60 E p= Microscopic Normal 30X20 mm -+ 
VI 36 F — Macroscopic Infundibular displacement 20X40 mm = 
VII 31 F — Microscopic Normal 7X12 mm — 
VIII 21 F — Macroscopic Obstruction Multiple 

<5X5 mm — 
1X 30 F — Macroscopic Normal 26X52 mm 4. 
x 54 F + Macroscopic Obstruction 12X22 mm -— 
XI 50 M — — Normal 18X13 mm — 
XII 35 F - -- Pyelonephritic changes 30X25 mm + 
XIII 47 F =- Macroscopic Obstruction 35X35 mm =- 


Age | sey Renal 











The angiographic findings in Cases I-vI 
have previously been reported by this 
clinic. 31416 In twelve patients the heman- 
gioma was solitary, the smallest measuring 
seven X twelve mm and the largest 
26X52 mm. In a 21 year old female (Case 
vit) multiple hemangiomas were found at 
angiography (Fig. 1). Surgery consisted of 
left-sided pyelolithotomy: postoperatively 
she developed serious hematuria, requiring 
blood transfusions. Ten days postopera- 
tively, renal angiography was performed in 
order to reveal the bleeding source. During 
early childhood the patient had had mul- 
tiple cavernous skin hemangiomas which 
had been irradiated and subsequently dis- 
appeared, therefore the diagnosis of renal 
hemangiomatosis was made and a nephrec- 
tomy performed. The diagnosis was verified 
at microscopic examination. 

There was neither significant difference 
in the width of the renal artery on the side 
of the hemangioma as compared to the con- 
tralateral side, nor a significant difference 
in renal size except from Case vil, with an 
enlarged left kidney because of postopera- 
tive edema. 

In eight patients arteriovenous shunting 


of contrast medium within the hemangioma 
was evident at angiography. In Case vi this 
shunting was estimated by a dye-dilution 
technique at angiography. A 20X40 mm 
hemangioma situated centrally in the up- 
per pole of the right kidney was found at 
arteriography and was also partly visual- 
ized at renal phlebography. Renal blood 
flow of the right kidney was calculated to 
629 ml/min (normally 450 ml/min) and the 
shunt flow was estimated to 209 ml/min. 
Blood flow studies were also performed in 
Case vil, where angiography revealed a 
sever X twelve mm hemangioma in the 
uppe- pole of the right kidney without 
demcnstrable arteriovenous shunting. In 
spite of this a small shunt flow of twelve 
ml/min was shown by the dye dilution 
study. 

One patient had hypertension (Case x11). 
This was a 35 year old woman with chronic 
pyelonephritis and a blood pressure of 
165/110. Urography had demonstrated the 
kidnevs to be of equal size with pyelone- 
phritic changes noted in the right kidney. 
She had no hematuria, but angiography 
was performed to determine the degree of 
renal parenchymatous destruction. A 30 
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Fic. 1. Case vii. Angiography ten days following 
pyelolithotomy. Swollen kidney. Multiple small 
hemangiomas. Irregular and tortuous arteries in 
wall of dilated kidney pelvis. Microscopy: renal 
hemangiomatosis. 


X25 mm hemangioma was found in the 
upper part of the right kidney with early 
filling of draining veins. Peripheral to the 
hemangioma there were reduced vascu- 
larity and localized atrophy, which were 
taken as evidence of focal ischemia (Fig. 2). 
Because of rapidly progressing uremia this 
patient was not operated upon, but has 
been successfully treated with hemodi- 
alysis. 

Signs of reduced perfusion distal to the 
hemangioma were also found in a 47 vear 
old woman (Case xım) with right-sided 
renal colic and macroscopic hematuria. 
Angiography revealed a 35X35 mm he- 
mangioma in the upper half of the right 
kidney with heavy arteriovenous shunting 
(Fig. 3). In this case, nephrectomy had to 
be performed because at operation the sur- 
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face of the lower pole of the kidney was also 
found to be involved—a finding that was 
not demonstrated at angiography. 

Ten hemangiomas were located in the 
right kidney: five in the superior pole; two 
in the middle part; and three in the inferior 
pole. One of the three left-sided hemangi- 
omas had a peculiar localization medial to 
the kidney (Case 1x). This was a 30 year 
old female who was investigated because of 
macroscopic hematuria. The 26X52 mm 
hemangioma was fedefrom a widened in- 
ferior suprarenal artery and located medial 
and dorsal to the kidney but in close con- 
nection with the renal pelvis (Fig. 4). The 
patient was not operated upon because the 
hematuria was thought to be explained by 
a nephritis—verified at biopsy. 

Nine of our patients were operated upon 
(Cases I-VI; VIII; x and xu) and in four it 
was possible to perform a local resection 
only (Cases 1; 11; v and x), while in the 
others nephrectomy was necessary. In all 
operated cases hematuria disappeared fol- 
lowing surgery. 


DISCUSSION 


Judging from autopsy materials, heman- 
giomas of the kidney are extremely rare. 
Bell? observed only one hemangioma in 
30,000 autopsies. Andersson and associates! 
reviewing autopsy material of 12,765 cases 
from Malmö, Sweden, found three. Until 
today approximately 170 cases have been 
reported, a minority of which have been 
diagnosed im vivo by angiography. Ro- 
maniuk™” after reviewing 1,500 renal angi- 
ographies found only one hemangioma. Re- 
cently, reports have appeared suggesting 
that this type of vascular lesion may be 
more common than previously expected.!®?! 
As such lesions may be extremely small it is 
easy to understand that they may be over- 
looked at a routine autopsy without serial 
sections of the kidneys, especially if in a 
collapsed state. It is also well known that 
hemangiomas may be too small to be de- 
tected at angiography. Andersson eż al.! re- 
ported five cases of histologically verified 
hemangiomas smaller than ten mm in di- 
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Fic. 2. Case xir. Hemangioma in upper half of the right kidney with early filling of the renal vein. (4) Early 
and (B) late arterial phases. Reduced perfusion and localized atrophy peripherally are noted. 


ameter where angiography failed to reveal 
any pathological changes. These authors 
stressed the importance of selective exami- 
nations with high quality angiograms for 
demonstration of this type of lesion. It 1s 
possible that magnification angiography 
(with a small focal spot) could increase the 
diagnostic accuracy in such lesions. 
Hemangiomas are composed of various- 
sized, endothelium-lined spaces (small, cap- 
illary; large, cavernous) lacking contractile 
elements, and in this regard are similar to 
other types of neoplastic vasculature. Such 
vessels do not react on vasoactive stimuli 
and therefore pharmacoangiography with 
vasoconstricting drugs might improve diag- 
nosis as suggested by Andersson and asso- 
ciates.! In this connection it is of interest to 
note that improved visualization of heman- 
giomas in the liver has been reported after 


pharmacoangiography with angiotensin” 
and vasopressin.‘ 

Ekelund et al? studied arteriovenous 
shunts in rabbit kidneys by a dye-dilution 
technique at angiography and were able to 
show that minute shunts, not demonstra- 
ble by angiography, could be detected by 
dve-dilution technique. They suggested 
that a combination of (pharmaco-) angiog- 
raphy and hemodynamic studies using dye- 
dilution technique should be valuable in the 
search of small renal vascular shunts, es- 
pecially if angiotensin was used. This possi- 
bility is illustrated by Case vir where a 
small shunt of twelve ml/min was diag- 
nosed at the blood flow studies. This shunt 
could not be seen at angiography, yet the 
hemangioma was visualized. 

A large shunt in the kidney may lead to 
cardiomegaly and other signs of heart 
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Fic. 3. Case xim. Extensive hemangioma in upper 
half of right kidney with heavy arteriovenous 
shunting. Reduced cortical perfusion peripheral to 
hemangioma. 


failure.” This is probably rare in heman- 
giomas where the shunt flow does not reach 
values as high as in cases with a direct 
fistula between renal arteries and veins. An 
example of such a congenital arteriovenous 
fistula is given by Christensson and asso- 
clates® concerning a 54 year old woman with 
heart failure, where the shunt flow was 
2.8 ml/min. In this case the cardiac output 
preoperatively was 6.8 ml/min and after 
nephrectomy 4.3 ml/min. None of our 13 
cases had signs of cardiac decompensation, 

Decreased perfusion of the renal paren- 
chyma peripheral to an arteriovenous 
shunt may lead to localized renal ischemia 
and ensuing hypertension.!%%:17.18 Arterio- 
venous shunting within the hemangioma 
was evident at angiography in eight of our 
cases. In two cases (Cases x11 and x111) re- 
duced vascularization was demonstrated 
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peripheral to the shunt. One of these pa- 
tients had hypertension which, however, 
was attributed to chronic pyelonephritis. 
All other patients in our material had nor- 
mal blood pressures. 

Peterson and Thompson” after reviewing 
the reports of renal hemangiomas through 
1967 (more than 150 cases) found that the 
cases were nearly equally distributed be- 
tween sexes and that the right and left 
kidneys were essentially equally involved. 
Our material, howewer, displays a heavy 
predominance for the female sex—eleven of 
13 patients were women. The right kidney 
was also more often involved than the left 
—ten hemangiomas being situated on the 
right side. 





Fic. 4. Case rx. Large extrarenal hemangioma in 
close relation to kidney pelvis fed from a widened 
inferior suprarenal artery. 
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From roentgenological methods avail- 
able, urography may sometimes be helpful 
by showing pelvic displacement or de- 
fects.!?:13.19.21 Tnfundibular displacement was 
evident at urography in one of our cases 
with a hemangioma 20X40 mm in size. 
Except for large hemangiomas, however, 
urography does not usually demonstrate 
pathological changes.! In cases of renal 
colic, macroscopic hematuria, or both, 
urography gives valuable information in 
demonstrating obstraiction. 

A “segmental nephrogram effect” at 
retrograde pyelography has been claimed 
as an important diagnostic sign of heman- 
gioma of the kidney.” Andersson eż al.! also 
observed a pyelointerstitial reflux of con- 
trast medium in one of their cases at a 
place where the hemangioma was later 
found at surgery. As stated by these au- 
thors, reflux during retrograde pvelography 
is, however, such a common phenomenon 
that this finding cannot be attributed real 
value. 

The ultimate diagnostic tool is selective 
renal angiography, a procedure which is 
especially indicated in cases where uni- 
lateral bleeding has been established at 
cystoscopy. The diagnostic information 
may eventually be increased by means of 
pharmacoangiography and hemodynamic 
studies using a dye-dilution technique in 
connection with angiography. The angio- 
graphic mapping of the renal vascular 
anatomy is also of major importance for 
the planning of surgery, as parts of the 
kidney may be saved by resection of the 
hemangioma, as documented in four of our 
cases. Hematuria, the most common com- 
plication of renal hemangiomas, disap- 
peared in all nine patients treated by renal 
resection or nephrectomy in this series. 
Leif Ekelund, M.D. 

Department of Diagnostic Radiology 
University Hospital 
221 85 Lund 
Sweden 
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MEDULLARY RAYS* — 
VISUALIZATION DURING EXCRETORY UROGRAPHY 


By LAWRENCE R. BIGONGIARI, M.D.,t SURESH K. PATEL, M.D.,t 
HENRY APPELMAN, M.D.,§ and JOHN R. THORNBURY, M.D.t 


ANN ARBOR, MICHIGAN AND CHICAGO, ILLINOIS 


ABSTRACT: 


The medullary rays are well-defined anatomic structures consisting of bundles of 
renal tubules which form in the renal cortex and continue through the renal medulla 
as the medullary striations. These structures are occasionally visualized during 
excretory urography in abnormal physiologic states characterized by tubular stasis 
and hyperconcentration of contrast material. Under these conditions, fine striations 
are visualized which correspond in position and orientation to these structures. 

The work of others has shown that in tubular stasis, contrast material is hyper- 
concentrated in the tubules. On microradiography in normal and obstructed kid- 
neys, the highest concentrations of contrast material are seen in the lumen of collect- 
ing ducts. Lastly, retrograde injection of contrast material into the medullary rays 
produces a roentgen image similar to our illustrated cases. 


HE medullary rays are distinct ana- 
tomic structures which can be seen on 
excretory urography in conditions pro- 
ducing hyperconcentration of contrast me- 
dium. They have been illustrated several 
times in the recent literature. When their 
visualization was first described in the 
English speaking literature in 1942,” they 
were not identified. Descriptions have 
existed in standard histology!® and pathol- 
ogy!® textbooks for some time; but, to our 
knowledge, none exists in the radiology 
literature. Since anatomic correlation is the 
foundation of radiology, we wish to de- 
scribe and identify the medullary rays 
anatomically and roentgenographically. 
In several specific situations, we have 
noted on excretory urography a fine linear 
striation in the renal cortex radiating from 
the hilus. Our investigation led us to con- 
clude that the alternating radiolucent and 
radiodense stripes were produced by the 
medullary rays. We then sought to prove 
that the linear radiodensities produced in 
such circumstances are due to contrast 
medium in the medullary rays. 


NORMAL ANATOMY 


The cut surface of a kidney shows the 
medullary rays in the cortex. The faint 
striations are projections of light colored, 
striated, medullary substance into the cor- 
tex from the base of the medullary pyra- 
mids* (Fig. 1, 4 and B). They are com- 
posed of loops of Henle and collecting 
ducts cut longitudinally.!®1* The rest of the 
cortex appears finely granular because the 
high!y convoluted proximal and distal 
tubules are cut randomly in all planes. The 
clear medullary striations in the renal 
pyramid are continuations of the loops of 
Henle and collecting ducts, and the dark 
striations are the adjoining blood vessels 
known as vasa recta. 

The nephron is the basic functioning 
unit of the kidney, consisting of Mal- 
pighian corpuscle, proximal convoluted 
tubule, loop of Henle, and distal convoluted 
tubule. Many nephrons deliver to each 
collecting duct, and several collecting ducts 
join to form a duct of Bellini or papillary 
duct at the papilla. The maximum external 
diameter is up to 200p in the papillary col- 


* From the Departments of Radiologyt and Pathology,§ University o` Michigan, Ann Arbor, Michigan, and the Department of 
Diagnostic Radiology, Rush-Presbyterian—St. Lukes Medical Center, Chicago, Illinois. 
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Fic. 1. (4) Cross section of fresh human kidney 
showing fine striations in the cortex. The dark 
striations are interlobular vessels. The light areas 
continuous with the medullary striations in the 
pyramid are medullary rays. (B) Enlargement of 
lower pole. 


lecting duct.” A schematic representation 
of the relationships of various portions of 
the nephrons to the cut surface of the kid- 
ney 1s shown in Figure 2. As the pyramid is 
the center of a renal lobe, so the medullary 
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ray is the center of a renal lobule! (Fig. 3). 


NORMAL PHYSIOLOGY 


The physiology of contrast medium ex- 
cretion has been discussed in a number of 
recent communications.*:.4-6 Only the 
basic principles pertinent to our discussion 
will be reviewed. Modern contrast media 
are excreted by glomerular filtration with 
little or no tubular secretion. The evidence 
is summarized by Waes.?! Therefore, the 
quantity of contrastemedium that enters 
the kidney in the filtered load is the product 
of the plasma concentration and the 
glomerular filtration rate, since no more 
iodine will be added and none reabsorbed. 
The urinary system is seen on excretory 
urography because the iodine containing 
contrast material is concentrated by the 
kidney. The process of concentration is 
that of water reabsorption.. While 
several details of the mechanism are not 
yet known, many general conclusions have 
been drawn. 

As summarized by Valtin,” water reab- 
sorption from the renal tubules is a passive 
process that depends on osmotic gradients 
between the tubular lumen and some site 
within the tubular epithelium. Since Nat 
(and Cl-) are normally the most abundant 
osmotically active particles in tubular 
fluid, water passively diffuses in response 
to an osmotic gradient set up by these ions. 
It has been said that 80 to go percent of 
the HO in the filtered load is reabsorbed in 
the proximal tubule,**:4.6 that is, the prox- 
imal convoluted tubule (pars convoluta) 
and the thick portion (pars recta) of the 
proximal loop of Henle. The more current 
opinion” is that normally no more than 70 
percent of the water is removed from the 
filtered load in this part of the nephron. 
Since contrast medium is an osmotic 
diuretic, the amount of water reabsorbed is 
less than this figure, certainly not more. 
Nevertheless, during excretory urography 
the largest volume of water is reabsorbed in 
the proximal tubule. The cells of the 
proximal tubule actively reabsorb sodium, 
and water follows by osmosis. 
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Fic. 2. Artist’s sketch demonstrating relationship of nephrons to the cross sectional anatomy. A single lobule 
is drawn superimposed on a lobe. The medullary rays are bundles of loops of Henle and collecting ducts. 


The milieu of the tubules becomes more 
hyperosmotic centrally because of the ana- 
tomic relationship of the loops of Henle 
with their hairpin turns in the medulla. 
Valtin” states that countercurrent multi- 
plication of the single effect of reabsorbing 
Nat and Cl-, virtually without water, from 
ascending loops of Henle results in progres- 
sive hyperosmolality of the medullary and 
papillary interstitium. The buildup of this 
osmotic gradient from cortex to papilla is 
aided by reabsorption of urea from the 
medullary portions of the collecting ducts. 
In the ascending loop of Henle, solute is 
reabsorbed to the virtual, but not complete, 
exclusion of H:O. In this way, an osmotic 
gradient is created around the water-perme- 
able descending loop of Henle, and since 
this gradient is greater centrally, a counter- 
current multiplier system is formed. Water 


resorption up to here is obligatory, un- 
affected by the state of hydration. As long 
as the kidney is normal, the proximal 
tubule will reabsorb water. 

Antidiuretic hormone (vasopressin) 
makes the distal nephron, that is, the distal 
convoluted tubule and collecting duct, 
more permeable to water, thereby again 
exposing the tubular contents to the corti- 
copapillary osmotic gradient. More water is 
reabsorbed from the filtered load with con- 
sequent increase in concentration of the 
contrast medium in the urinary system. 
Water reabsorption in the distal nephron 
is dependent on the state of hydration of 
the patient. While the amount of water re- 
absorbed in the distal nephron is small, its 
proportion to the tubular contents is high 
and its effect on concentration is great. 

Pitts” and Valtin” describe the balance 
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Fic. 3. Low power photomicrograph of inner cortex 

showing the medullary rays as bundles of tubular 

structures cut longitudinally. The renal lobules 

are separated by the interlobular vessels which in 
this specimen are packed with red blood cells. 


oga 


of forces involved in glomerular filtration 
which separates the plasma water and non- 
protein constituents from the blood cells 
and protein macromolecules. The glomeru- 
lar arteriolar pressure is approximately 70 
percent of systemic arterial pressure. This 
pressure is opposed by the hydrostatic pres- 
sure in Bowman’s space (within Bowman’s 
capsule) and by the plasma osmotic pres- 
sure in the glomerular capillary. The latter 
pressure is exerted by the osmotically ac- 
tive particles in solution in the blood. In 
the steady state, the net result is positive 
pressure and flow of filtrate from capillary 
tuft to Bowman’s space. This pressure is 
the driving force for movement of tubular 
fluid. 

Alterations in this balance of forces can 
produce stagnation of tubular contents. 
Since the tubular contents are then ex- 
posed to the osmotic gradients for a longer 
period of time, more water than usual is 
reabsorbed and hyperconcentration of con- 
trast results. The s:tuations in which the 
radiating fine cortical striations have been 
observed on excretory urography have in 
common that they are associated with 
changes in function which can reduce the 
rate of tubular urine flow. 

Since the medullary rays conform in 
location, shape, and distribution to these 
linear striations (Fig. 4—7), since the con- 
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trast medium is most concentrated in this 
structure, and since there is no known 
physiological reason for the visualized con- 
trast medium to be anywhere else but in 
the lumen of the tubules which form the 
medullary rays, we conclude that the 
medullary rays were visualized. 


MATERIAL AND METHOD 


Having concluded from our investigation 
of anatomy and function that the radiating 
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Fic. 4. (4) Stasis nephrogram at five hours in 25 
year old male with ureteral calculus. (B) Enlarge- 
ment of lower pole. The fine striations in the cor- 
tex are contrast-filled medullary rays. Some can be 
seen extending into the medulla as medullary 
striations. Compare with Figure 1. 
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fine cortical striations we observed were due 
to contrast medium in the bundles of 
tubules called medullary rays, we sought a 
practical, simple, and inexpensive method 
to reproduce this image in such a manner 
as to allow histologic study. Because it is 
unlikely that we would have the oppor- 
tunity to obtain an anatomic specimen 
with contrast medium in the medullary 
rays, and because there is no simple way to 
identify iodinated contrast medium micro- 
scopically, we devised an indirect method. 

We obtained a roentgenographic image 
similar to that seen in our patients by 
retrograde ureteral injection of a normal 
cadaver kidney. After the ureter was 





Fic. 5. (4) Stasis nephrogram at 24 hours in another 
25 year old male with ureteral calculus. There has 
been vicarious excretion of contrast medium into 
the gallbladder. (B) Enlargement shows medul- 
lary rays more clearly. 


Medullary Rays 


799 





Fic. 6. Thirty-one year old female with segmental 
periureteral fibrosis secondary to Sansert therapy. 
The medullary rays are seen particularly along the 
lateral margin. 


cannulated and the hilar blood vessels tied, 
a mixture of Conray 60 and several drops 
of India ink was injected, filling the renal 
pelvis. In various kidneys, further hand 
injection under fluoroscopic control ob- 
tained combinations of pyelosinus, pyelove- 
nous, pyelotubular, and pyelointerstitial 
backfow. This result was expected from 
the work of others.” After several at- 
tempts, gentle hand injection fortuitously 
produced pyelotubular backflow demon- 
strating fine radiating striations in the 
cortex. Roentgenograms were obtained 
using a 0.6 mm focal spot tube and Kodak 
Industrex Type M2 Ready Pack. 

The specimen was cut and appropriate 
sections were obtained both unstained and 
stained with hematoxyline and eosin. These 
were viewed microscopically to determine 
the location of the India ink. 


RESULTS 


The roentgenogram is illustrated (Fig. 8), 
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Fic. 7. The medullary rays are well seen in this 19 
year old male who was being worked up for 
lymphoma. This 45 minute delayed roentgeno- 
gram was taken for evaluation of the bladder. An 
excretory urogram the next day was normal with- 
out demonstration of the medullary rays. He was 
on no medication and had no uricosuria or pro- 
teinuria. A transient hypotensive episode is 
postulated. 


and the radiating fine cortical striation may 
be compared to the illustrated cases. Gross 
and microscopic examination of the cut 
specimen showed black stain in the medul- 
lary striations extending into the cortex 
(Fig. 9). Unstained (Fig. 104) and stained 
sections (Fig. 108) show India ink in the 
medullary rays. High power examination 
shows India ink in collecting ducts (Fig. 


II), 


DISCUSSION 


As a generalization, the medullary rays 
are visualized during excretory urography 
in pathophysiological states wherein tubu- 
lar stasis produces hyperconcentration of 
contrast. Fry and Cattell! classify such 
events as producing an increasingly dense 
nephrogram. This phenomenon may occur 
in a number of conditions, all associated 
with changes in function which can reduce 
the tubular flow rate. Most common are 
urinary tract obstruction, hypotension, and 
renal vein thrombosis. 

In 1954, Edling and others" in an experi- 
mental study with rabbits showed that with 
fall in blood pressure to 60-70 mm Hg, 
filling of the pelvis by contrast medium 
ceases and a dense nephrogram is obtained. 
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This finding corresponded with earlier 
clinical observations.?® A similar response 
occurred when the intrapelvic pressure was 
increased. Furthermore, increasing the 
blood pressure or removing the ureteral 
counter pressure diminished the nephro- 
gram and filled the pelvis with contrast 
material. If the arterial pressure is too low 
or if the pressure within Bowman’s capsule 
and the renal tubules too high, glomerular 
filtration will cease and no nephrogram will 
be produced. ° 

Persky eż al.” in 1959 using dogs showed 
that radioactive iodinated albumin placed 
in the pelvis of a kidney with an obstructed 
ureter would produce “radioautographs” 
demonstrating pyelotubular backflow. Kaz- 
min ef al.!® in 1960 obtained similar results 
after 48 hours, 72 hours and seven days of 
obstruction. Elkin and associates! con- 
cluded that since marked increase in intra- 
pelvic pressure causes renal damage, pelvic 
pressure is transmitted to the tubule. 
There is indirect evidence, at least, that 
elevated intrapelvic pressure is transmitted 
back to the tubules. 

But why does the nephrogram become 
progressively dense? Brenes and co-work- 
ers’ in 1966 showed that during acute 
ureteral obstruction with and without 
diuresis using both Diodrast and Hypaque, 





Fic. 8. Pyelotubular backflow produced in an 
autopsy specimen duplicates fine striation. A 
mixture of Conray 60 and India ink was injected. 
The specimen is lying in a puddle of contrast 
medium on the roentgenogram. 
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glomerular filtration continued. It was 
suggested that tubular reabsorption of 
water continues in the obstructed kidney 
decreasing the tubular hydrostatic pressure 
and allowing more contrast medium to 
enter the tubule va the glomerulus. The 
net effect is a steadily increasing concentra- 
tion of contrast medium in the renal 
tubule producing a dense nephrogram. 
Tubular secretion of contrast medium is 
not necessary for this effect, since Diodrast, 
a contrast medium known to be excreted 
by tubular secretion is as effective as 
Hypaque, a contrast medium known to 
have little or no tubular secretion. Korob- 
kin et al”? suggested that a similar mecha- 
nism occurs in the nephrogram of hypoten- 
sion. The edema produced by renal vein 
thrombosis may also produce tubular 
stasis. 

The study of Anigstein eż al! in 1972 
using microradiographic techniques on the 
kidneys of rabbits and rats indicated that 
Hypaque is excreted in the same manner by 
both the obstructed and nonobstructed 





Fic. 9. Cut section of specimen demonstrating India 
ink in the medullary striations and rays. 
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showing India ink in the medullary rays. (B) Low 
power view of stained section showing India ink in 
the medullary rays. 


kidney. Direct microscopic analysis of 
microradiographic sections showed the 
same relative distribution of contrast ma- 
terial in both normal and obstructed kid- 
neys. However, the obstructed kidneys 
contained a greater total amount of con- 
trast material. There was no significant 
amount of contrast material outside the 
tubular lumen in either group. The highest 
concentrations of Hypaque were in the 
lumens of collecting ducts. In both groups 
the concentrations were not equal in all 
the collecting ducts. Some showed large 
amounts and others little if any. This study 
corroborates Brenes’ hypothesis and pro- 
vides anatomic correlation for our cases. 

Demonstration of the medullary rays 
on excretory urography is uncommon. 
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Fic. 11. High power examination showing India 
ink in a collecting duct. 


Whether or not they are visualized depends 
on the degree and extent of tubular stasis. 
This phenomenon probably occurs more 
often than is realized, since it usually oc- 
curs after the standard examination is 
completed. Bretland® noted alternate stri- 
ation in six of his 86 cases of acute ureteric 
obstruction followed closely until the af- 
fected kidney was shown to excrete. He 
also noted the similarity of the distribution 
to the medullary rays. The striation ap- 
peared after the delayed nephrogram had 
persisted for some hours. He stated that 
the pattern of alternate striation is due to 
reflux of nonopacified urine back up some 
of the collecting ducts as a function of their 
individual lengths.” He has demonstrated 
how and explained why such an event is 
possible.” We believe that reflux of non- 
opacified urine may be part of the entire 
explanation. 

The medullary rays appear as linear 
densities in the cortex corresponding to 
their known anatomic distribution (Fig. 
4-7). These striations are either groups of 
ducts or individual dilated ducts, since the 
size of the normal collecting duct is well 
below the resolving power of conventional 
roentgenography. In this way the lobular 
anatomy is revealed. In some instances, 
further visualization of the tubular anat- 
omy is obtained. The medullary portion of 
some collecting ducts in the medullary 
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striations may be seen radiating toward the 
hilus (Fig. 48). 

In his classic article on the nephrogram, 
Hellmer” briefly noted fine striations at the 
periphery of the renal shadow correspond- 
ing to the appearance of the cut surface of 
the kidney. Our experiments show these 
to be the medullary rays. A more complete 
correlation has not appeared in the litera- 
ture since that time. This fine striation can 
also be seen in an illustration to an article 
by Berdon eż a/.4 on .f.amm-Horsfall pro- 
teinuria. It was probably caused by tubular 
obstruction by casts. Coel and Talner!® 
illustrated an obstructive nephrogram in 
renal vein thrombosis which showed a fine 
striation they believed to be opacified col- 
lecting ducts. Their illustration bears a 
striking resemblance to our Figure 4. 

A similar radial fine cortical striation 
corresponding in location, arrangement, 
and distribution to the medullary rays was 
seen in six of 14 patients with infantile 
polycystic disease reported by Lieberman 
et al?! The autopsy specimen of their 
illustrated case shows radially orientated 
slender cysts where medullary rays are 
expected in a normal kidney. The micro- 
dissection studies of Baxter? have shown 
that the collecting ducts are dilated in this 
disease. Since we know that medullary 
rays are bundles of collecting ducts, we feel 
it appropriate to say the medullary rays 
were visualized. Hyperconcentration may 
have played some role, byt visualization 
was due primarily to dilatation of the ducts. 


Lawrence R. Bigongiari, M.D. 
Department of Radiology 
University Hospital 

1405 East Ann Street 

Ann Arbor, Michigan 48103 


The radiographic expertise of Meredith 
Burr, R.T., Linda Bandy, R.T., and Jane 
E. Boyles, R.T. contributed greatly to the 
successful outcome of the experimental 
studies. 
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THE NATURAL HISTORY OF THE UPPER RENAL 
TRACTS IN ADULTS FOLLOWING URETERO- 
ILEAL DIVERSION (BRICKER PROCEDURE)* 

By PHILIP STANLEY, M.R.C.P., F.R.C.R.,f J. DUNCAN CRAVEN, M.R.C.P., F.R.C.R.t 

DONALD G. SKINNER, M.D.,} and JEROME P. RICHIE, M.D.} 


LOS ANGELES, CALIFORNIA 


ABSTRACT: 


The natural history of the upper tracts (170 renal units) of 87 patients undergoing 
total cystectomy and ileal loop diversion has been followed roentgenologically for 
up to seven years. The complications inherent in the procedure are illustrated and 
the appearances of new upper tract tumors demonstrated. Of 126 renal units which 
were normal preoperatively, 87 remained normal. The most common complication 
was obstruction of the anastomosis, seen in 29 units. The need for regular contrast 
material examination of the surgically modified upper tracts is emphasized. 


TAL cystectomy with insertion of 
the ureters into an isolated loop of 
ileum is a well-established surgical pro- 
cedure, one use of which is in the treatment 
of certain stages of bladder cancer. Because 
of the type of urinary diversion and the 
nature of the underlying disease process, 
these patients require frequent postopera- 
tive contrast material examinations of the 
surgically modified urinary tract. It is the 
purpose of this communication to report 
our experiences, paying particular atten- 
tion to the natural history of the kidneys 
subjected to the invariable reflux from the 
ileal loop, and also to document the com- 
plications inherent in the procedure with 
emphasis on their roentgenological fea- 
tures. 


MATERIAL AND METHOD 


Eighty-seven patients who have under- 
gone urinary diversion using an isolated 
loop of ileum form the basis of this report. 
All had transitional cell carcinoma of the 
bladder. The degree of hydronephrosis 
demonstrated by intravenous urography 
in the individual collecting system (or renal 
unit) was graded according to the criteria 
shown in Table 1." Two patients had con- 


genital absence of one kidney, and one 
nonfunctioning kidney was removed at the 
time of the original surgery, as was one 
kidney of a fourth patient with a con- 
comitant renal pelvis transitional cell 
carcinoma. Thus, 170 postoperative renal 
units were available for assessment and 
comparison with their preoperative ap- 
pearance. In addition to assigning a degree 
of hydronephrosis to the individual col- 
lecting systems, the renal length and sub- 
stance thickness were also measured, and 
the roentgenological features of complica- 
tions were recorded. 

Some of the patients had “ileal loopo- 
grams,” and the presence or absence of 
reflux was noted. In those patients in whom 
progressive postoperative obstruction was 


TABLE I 


CRITERION FOR GRADING 


Individual Collecting System Grade 
Normal O 
Minimal or questionable hydronephrosis I 
Definite hydronephrosis 2 
Massive hydronephrosis 3 
Nonvisualization 4 


* Presented at the Seventy-fourth Annual Meeting of the American Roentgen Ray Society, Montreal, Quebec, Canada, September 


25-28, 1973. 
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TABLE II 


COMPARISON OF PREOPERATIVE AND PCSTOPERATIVE APPEARANCES 


2 EEE 


Abnormal 
but 
Improved 


Preoperative Urogram 


Normal 





Normal 126 





Mild hydronephrosis 7 























Moderate hydronephrosis 9 ar 
Severe hydronephrosis 16 g* 
Nonvisualization 7 4 

Chronic pyelonephritis 5 

Total—170 93 16 


* Indicates calculus formation. 
t See text. 


suspected, antegrade pyelograms were per- 
formed. Two of the four patients who de- 
veloped new upper tract tumors had selec- 
tive renal arteriograms. 


RESULTS 


Table 11 compares the preoperative and 
postoperative urographic appearances of 
the individual renal units and demonstrates 
the following noteworthy features. Of the 
126 preoperative normal renal units, 87 re- 
mained normal. These patients have been 
followed for periods varying from six months 
to seven years to determine if any roent- 
genographic change could be observed in 
the upper tracts which are subjected to 
the almost inevitable reflux from the ileal 
loop.*8:22 In not one was there a general- 
ized or localized loss of renal substance nor 
was there an alteration in the calyceal 
architecture. In 13 patients who had loopo- 
grams with normal postoperative upper 
tracts, there was failure to reflux in only 
one system. In the presence of a normal 
urogram this reaction indicates that a 








Postoperative Urogram 


| pf | egg 


ac a ee ee 


Åm a | a ee 


ij Deter; New Post- 
’ n- r weno Tumor obstruction 
change rationt Formation Atrophy 
3 
I p) 
J 
4 5 


fortuitous flap-like valve may be present 
at the uretero-ileal anastomosis." It was 
also nozed that in the three units which 
showed roentgenographic evidence of 
chronic pyelonephritis preoperatively, there 
was no change following radical bladder 
surgery. 

Thirty-six of the 126 normal preopera- 
tive units exhibited increasing hydrone- 
phrosis postoperatively as did five of the 
preoperative hydronephrotic units. The 
causes of deterioration in these 41 units 
are shown in Table 11. The most common 
cause of deterioration was obstruction at or 
very close to the uretero-ileal anastomosis, 


TABLE III 


CAUS= OF DETERIORATION IN 4I PATIENTS 








Obstruction at uretero-ileal anastomosis 29 
Obstruction by calculus 2 
Disseminated tumor 8 
Cause undetermined 2 


41 








Fic. 1. Urogram performed one month after surgery 
showing some dilatation of the left collecting 
system. 


demonstrated by postoperative hydrone- 
phrosis with dilatation of the ureter down 
to the ileal insertion. The obstruction was 
more common on the left side (19 vs. ten), 
and this left-sided preponderance was al- 
most certainly related to the increased 
technical difficulty associated with the 
anastomosis on the left, where the ureter 
must course around the base of the sig- 
moid mesentery.?”8 

It was in this type of patient that roent- 
genology was most helpful, with loopo- 
grams and antegrade pyelograms confirm- 
ing the findings on intravenous urography 
(Fig. 1-4). Antegrade pyelography has the 
added advantage of providing a specimen 





Fic. 2. Two months later there is further deteriora- 
tion with massive dilatation of the left side and 
poor opacification. 
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of urine for culture and cytology, two fac- 
tors of importance in the subsequent surgi- 
cal management. Of the 29 units with ob- 
struction at the uretero-ileal anastomosis, 
the sequential intravenous urograms of 18 
units showed complete recovery over a 
period of three to twelve months. This 
figure also included one patient who had a 
postoperative nonfunctioning upper tract. 
An additional operation was required in 
seven units. In five, the cause of the ob- 
struction was shown to be fibrosis and not 
recurrent tumor, and two other units 
showed leakage at the site of the anastomo- 
sis. As sequential intravenous urograms 
showed nonprogressive hydronephrosis in 
two units with uretero-ileal anastomosis 
obstruction, further surgery has not been 
performed, and the fate of two other units 
is unknown. 

In eight units with progressive hydrone- 
phrosis appearing after surgery in patients 
with disseminated malignant disease, pelvic 
recurrences were found at autopsy. It 
should be noted, however, that this paper is 





be za. 

Fic. 3. A loopogram performed at the same time as 

Figure 2 demonstrates reflux up the right side 
only. 
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Fic. 4. An antegrade pyelogram confirms the pres- 
ence of narrowing at the lower end of the left 
ureter. A fibrous stricture at the anastomosis site 
was found at surgery. 


a survey of the roentgenological findings, 
and as such will give a falsely low incidence 
of recurrent tumor because some patients 
with a clinically obvious recurrence at the 
site of the original surgery may not have 
additional contrast material examinations 
of the urinary tract. 

None of the units had stones prior to 
surgery. In two normal preoperative units 
that showed increasing hydronephrosis 
following surgery there was ureteric ob- 
struction due to calculus formation. Calculi 
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Fic. §. An intravenous urogram performed one 
month following surgery shows minimal dilatation 
of the upper tracts but no evidence of tumor. 


developed in five other systems which were 
hydronephrotic prior to surgery. These 
calculi appeared between one to four 
years following the Bricker procedure. All 
the calculi were radiopaque. 

Of the 39 preoperative hydronephrotic 
units 2€ improved following radical surgery. 
In this group of patients it is important, 
when assessing functioning in a previously 
nonfunctioning system, to avoid being 
misled by contrast medium which has been 
excreted by the other system and which 
refluxes from the ileal loop.” When the 
seven systems that were nonfunctioning 
preoperatively were examined following 
surgery all showed visualization on the 
early rozntgenograms before contrast me- 
dium had entered the ileal loop. Inci- 
dentally noted were five units which were 
either nonfunctioning or showed massive 
dilatation before operation and following 
the procedure exhibited the classical fea- 
tures of postobstructive atrophy." 


TABLE IV 


CLINICAL DETAILS 





Age at Time of 





Interval Following 


Initials Total Cystectomy Site of New Tumor Total Cystectomy 
FO, 59 Right renal pelvis 2 years 
j E aA 57 Right upper calyx 3 years 
AR 66 Right renal pelvis and upper ureter I.§ years 
Left lower ureter, multiple tumors 4.5 years 
R.P, 7I Right ureter, multiple tumors 2 years 
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Fic. 6. An intravenous urogram three years later 
shows obliteration of the major calyx of the upper 
pole of the right kidney with irregularity of the 
upper pelvis. 


The upper tracts of four patients de- 
veloped new tumors between 18 to 36 
months after total cystectomy. There was 
no roentgenological evidence of tumor else- 
where at the time of surgery, although all 
had evidence of carcinoma i” situ within 
the distal ureter removed at the time of 
original surgery. The clinical details are 





Fic. 7. A selective right renal angiogram demon- 
strates pruning of some of the interlobar arteries 
to the upper pole with irregularity and beading 
due to tumor encasement. Surgery confirmed the 
presence of a new tumor in the upper pole. 
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shown in Table 1v. The new tumor mani- 
fested itself in two patients by progressive 
narrowing of a major calyx (Fig. 5-7) and 
in a third by two irregularly surfaced radio- 
lucent filling defects in the right pelvis and 
upper right ureter which could be misinter- 
preted as calculi. However, renal arteriog- 
raphy provided conclusive evidence that 
there was a new tumor (Fig. 8-10). This 
patient had a right nephroureterectomy, 
and three years later developed multiple 
ureteric tumors (Fig. »1) on the left similar 
to the multiple ureteric tumors found in the 
fourth patient (Fig. 12). 


DISCUSSION 


Following Bricker’s original description 
of the uretero-ileal conduit in 1950,! several 
large series in adults have established its 
adequacy, and the complications are well 
documented.’ ®.7.10,12,18,18 

The most common postoperative compli- 
cation was obstruction at the uretero-ileal 
anastomosis. Intravenous urograms, usu- 
ally performed within a month of surgery, 
showed deterioration in 29 systems due to 
anastomotic narrowing. In this situation 
the surgeon is interested in the patency of 
the uretero-ileal anastomosis, and failure 
to reflux from the ileal loop with a hydro- 
nephrotic collecting system indicates ob- 
struction at the anastomosis.!®?? Further 
information was obtained in some cases by 





Fic. 8. Intravenous urogram before total cystectomy 
shows minimal dilatation of the upper tracts but 
no evidence of new tumor formation. 
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antegrade pyelography which, in addition 
to confirming the site of the obstruction, 
supplied a sample of urine from the closed 
system. In the majority of cases the ob- 
struction was due to edema which resolved 
over a period of three to six months, similar 
findings having been reported by other 
workers.®!1!3 In eight units progressive 
hydronephrosis appeared later in the post- 
operative period, and at autopsy extensive 
pelvic recurrence was found. That the later 
appearance of hydronephrosis is very sug- 
gestive of recurrence at the site of original 
surgery has been recorded previously.® 

In this series calculi appeared one to four 
years following surgery. A higher incidence 
of calculous disease may become apparent 
upon longer follow-up, calculi having been 
reported five to 1§ years following the 
Bricker procedure. Of the seven units 
which showed calculus formation following 
surgery, in only two were the systems not 
dilated. Dretler® covered the subject of 
stone formation very extensively, and the 
precipitating factors included a large vol- 





Fic. 9. Urogram at the time of angiography 18 
months following surgery demonstrates filling de- 
fects with irregular surfaces within the right renal 
pelvis and in the ureter at the level of L-4. 
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Fic. 10. A right selective arteriogram demonstrates 
neovascularity within the pelvic tumor. Surgery 


confirmed the presence of transitional cell carci- 
nomata in the pelvis and ureter. 





ume or an obstructed system. 

Speculation on the source of upper tract 
tumors occurring after total cystectomy 
has moved away from the tumor implanta- 
tion theory toward the hypothesis of a 
generalized instability of the urothelium 
perhaps caused by a biochemical car- 
cinogen.!® Further evidence for this latter 
hypothesis 1s provided by the four patients 
in our series. The long time interval of 18 
to 36 months between total cystectomy 
and the appearance of new upper tract 
tumors makes the implantation theory 
less acceptable. Instability of the urothe- 
lium was seen in all four patients in whom 
there were changes of carcinoma in situ at 
the level of the ureteric orifice distant from 
the primary tumor at the time of original 
surgery. These four patients are from a 
larger series recently reported! in which it 
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Fic. 11. A loopogram performed four and one-half 
years following total cystectomy shows multiple 
filling defects in the left lower ureter presumably 
due to new transitional cell carcinomas. 


was noted that one-third of the patients 
with histological changes of carcinoma in 
situ developed another transitional cell 
tumor within the remaining pelvis and 
ureter within 18 months to three years 
following total cystectomy. 

These cases are important, for not only 
do they add to our knowledge of urothelial 
neoplastic disease but make regular follow- 
up contrast material examination of the 
remainder of the urinary tract mandatory, 
particularly if at the time of cystectomy 
premalignant changes are found elsewhere. 
In addition, the unwary could misinterpret 
roentgenological features due to new tumor 
as those of calculous disease or inflamma- 
tion and thus delay further surgery. 

In this series no deterioration was ob- 
served in the kidney which was normal pre- 
operatively for as long as seven years, 
although the majority were followed for 
only one to three years. These kidneys are 
subjected to invariable reflux from the 
ileal conduit which contains pathogenic 
bacteria in a high proportion of patients.‘ 
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The question of whether the reflux of in- 
fected urine can be followed by pyelone- 
phritic scarring of the growing kidney 
excites controversy and is incompletely 
solved.?° In adults the evidence is also in- 
conclusive. Nonspecific roentgenological 
deterioration has been reported in some 
adults with ureteric reflux following blad- 
der irradiation,” and roentgenological pyel- 
onephritis has been recorded in three pa- 
tients following surgery in whom there was 
reflux of infected urime.* However, in this 
series there was no deterioration, and in 
addition a group of adults with ileal 
“ureters” where there is inevitable reflux 
of infected urine showed no loss of renal 
substance or alteration in the calyceal 
architecture.® None of the patients in our 
series had an episode of acute pyelone- 





Fic. 12. A loopogram demonstrates bilateral reflux. 
There are many nodular filling defects in the right 
ureter due to multiple transitional cell carcino- 
mata. 
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phritis clinically, although even in this 
situation roentgenological signs are seen 
infrequently in the follow-up pyelogram." 


J. Duncan Craven, M.D. 
Department of Radiology 

The Center for the Health Sciences 
University of California, Los Angeles 
Los Angeles, California 90024 
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ABSTRACT: 


Superior mesenteric arteriography can often demonstrate actively bleeding mar- 
ginal ulcers. Five cases diagnosed by angiography are reported. 

Pitressin infusions of the superior mesenteric artery stopped bleeding perma- 
nently in two cases, transiently in two cases, and was not attempted in one case. 
Pitressin infusions of the superior mesenteric artery should be attempted before 
surgery is performed for bleeding marginal ulcers. 


HE diagnosis and therapy of gastro- 
intestinal bleeding by catheterization 
techniques have made great advances since 
their introduction in the beginning of the 
last decade. However, no previous studies 
have specifically focused on the evaluation 
and treatment of bleeding marginal ulcers. 
We have had experience with five cases in 
which angiography was successfully em- 
ployed in visualizing the bleeding site in the 
jejunum. 

Pitressin infusion of the superior mesen- 
teric artery was utilized in four cases, with 
permanent cessation of bleeding in two 
cases and with transient control of bleeding 
in two cases. 


MATERIAL AND METHOD 


The patients were studied by the stan- 
dard Seldinger technique. The bleeding site 
in the proximal jejunum was identified via 
selective superior mesenteric artery injec- 
tion. The catheter was left in place for 
pitressin infusion in four of the five pa- 
tients. The rate of infusion initially was 0.2 
units per minute and was increased to 0.4 
units On one occasion. 


REPORT OF CASES 


Case 1. A 92 year old man was admitted to 


Montefiore Hospital and Medical Center 
(MHMC) with melena and epigastric pain. 
His hematocrit was 13 percent. A partial 
gastrectomy with gastrojejunostomy had been 
performed for duodenal ulcer disease ten years 
prior to admission. The patient also had a 
history of myocardial infarction two years 
previously. 

Emergency angiography with a selective 
superior mesenteric injection revealed a bleed- 
ing site in the upper abdomen considered to 
represent a marginal ulcer (Fig. 1). A pitressin 
infusion was started and bleeding stopped 
abruptly. Follow-up for two months revealed 
no evidence of subsequent bleeding. 


Case 11. This 55 year old white male with 
widespread metastatic disease from bladder 
carcinoma was admitted to MHMC with black, 
tarry stools for two days. He had had a partial 
gastrectomy and gastrojejunostomy 20 years 
earlier for duodenal ulcer disease. 

The hematocrit on admission was 24 percent. 
Nasogastric aspiration revealed bright red 
blood and coffee ground like material. Endos- 
copy showed active bleeding which appeared 
to be originating from the efferent loop and 
refluxing into the stomach. No definite ulcer 
niche was identified. A superior mesenteric 
arteriogram (Fig. 2, 4 and B) demonstrated a 
bleeding site in the upper abdomen in the 
region of the gastrojejunostomy with contrast 
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material extravasating into the jejunum and 
from the jejunum into the stomach. 

A pitressin infusion of the superior mesen- 
teric artery was instituted. For twelve hours 
pitressin was infused at a rate of 0.2 units per 
minute. No significant change in the bleeding 
occurred and the pitressin infusion was in- 
creased to 0.4 units per minute with the in- 
fusion continued at this rate for an additional 
six hours. The bleeding stopped and the in- 
fusion was maintained at a rate of 0.1 units per 
minute for an additional twelve hours, after 
which the catheter was withdrawn. Standard 
oral medical therapy for peptic ulcer disease was 
continued. No further gastrointestinal bleeding 
occurred. During the bleeding episode the 
patient had received four units of packed red 
blood cells and one unit of fresh frozen plasma. 

The patient died one month after admission 
from his bladder carcinoma. Autopsy showed no 
evidence of an active mucosal ulceration at the 
gastrojejunostomy. Slight telangiectasia was 
noted at the efferent loop. 


Case 1. A 40 year old woman was admitted 
to MHMC for severe epigastric pain. A sub- 
total gastrectomy with gastrojejunostomy for 
carcinoid tumor of the stomach had been per- 
formed one year prior to admission. One week 
following admission the patient developed rec- 
tal bleeding with a fall in hematocrit from 37 
percent to Ig percent. Emergency superior 
mesenteric angiography revealed a bleeding site 
in the proximal jejunum at the level of the 


Fic. 2. Case 11. (4) Mid arterial phase of superior mesenteric arteriogram shows contrast material extravasa- 
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Fic. 1. Case 1. Late venous phase of superior mesen- 
teric arteriogram demonstrates extravasation of 
contrest material (arrow) in the upper abdomen 
representing a bleeding marginal ulcer. 


gastrojejunostomy. A pitressin infusion was 
started and the bleeding subsided. Twenty-four 
hours later, when the pitressin infusion was 
stopped, the patient started to bleed abruptly. 
The pitressin infusion was started again and the 
bleeding stopped. At this time the patient was 
operated upon because of her stable condition 
and the considered likelihood of rebleeding. A 





tion in the left upper quadrant from a jejunal artery (arrow). (B) Late venous phase of superior mesenteric 
arteriogram shows several distinct areas of pooled contrast material in the stomach and jejunum. 
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Fic. 3. Case rv. Mid arterial (4) and (B) late venous phase of an emergency superior mesenteric arteriogram 


demonstrate massive extravasation of contrast material in the region of the proximal jejunum (arrows 


in B). 
marginal ulcer was tound at operation. 


Case Iv. A 62 year old man was admitted to 
MHMC for massive rectal bleeding. The pa- 
tient underwent partial gastrectomy and gas- 
trojejunostomy 14 months previously for 
duodenal ulcer disease. 

On the day of admission the hematocrit 
dropped from 33 percent to 16 percent. Emer- 
gency superior mesenteric angiography revealed 
contrast material extravasation in the proximal 
jejunum (Fig. 3, 4 and B). A pitressin infusion 
was started and the bleeding stopped transient- 
ly. Several hours later hemorrhage increased 
while the pitressin infusion was running. The 
pitressin dose was not increased above 0.2 units 
per minute. Operation revealed a bleeding 
marginal ulcer. The hematocrit at the time of 
surgery was 29 percent. 


Case v. A 65 year old woman was admitted 
to MHMC for hematemesis. The patient had 
undergone a gastrojejunostomy for carcinoma 
of the head of the pancreas seven months prior 
to admission. The patient’s hematocrit on 
admission was 28 percent. Emergency angi- 
ography with selective superior mesenteric in- 
jection demonstrated a bleeding site in the 
proximal jejunum. No attempt to stop the 
bleeding via pitressin infusion was made. The 
patient underwent surgery and a marginal 
ulcer was resected. 


DISCUSSION 
The introduction of emergency angiogra- 


phy for the diagnosis of acute gastrointesti- 
nal bleeding was first described by Baum 
and Nusbaum in 1963 and 1965.*:78 Subse- 
quent articles !—3.5.6.9.11,12 attest to the value 
of angiography in the diagnosis of lesions 
causing upper gastrointestinal bleeding, 
many of which could not be detected by 
barium studies nor at operation.?® Few 
cases of marginal ulcers diagnosed by 
angiography are to be found in the litera- 
ture." In 1968 Nusbaum eż al.” described 
pitressin infusion into the superior mesen- 
teric artery as a successful means of stop- 
ping variceal bleeding in the majority of 
patients. Following this, the use of vaso- 
constricting drugs (epinephrine and pi- 
tressin) was attempted in the management 
of additional causes of upper gastrointesti- 
nal bleeding.!—3:5-6.10-12 

Good results were obtained in treatment 
of bleeding due to certain superficial lesions 
such as are found in gastritis and Mallory- 
Weiss syndrome.’*"! The treatment of 
peptic ulcer disease was, however, disap- 
pointing. Rösch and associates!’ failed to 
achieve complete control of bleeding in 
eleven of thirteen cases. 

In the clinical experience with catheter 
directed drug treatment of upper gastroin- 
testinal bleeding, the marginal ulcer has 
received little comment." To date, no study 
has focused on the angiographic diagnosis 
and catheter directed therapy of marginal 
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ulcers, which are characteristically located 
on the jejunal side of the anastomosis. To 
emphasize the importance of this lesion, 
one has to consider that the most common 
operation for peptic ulcer disease is gastro- 
jejunostomy. Up to eight percent of these 
patients develop marginal ulcers,!*!65 and 
almost 50 percent of these ulcers produce 
gastrointestinal hemorrhage." 

As already emphasized by Rosch and 
associates,!°! the selectivity of the infusion 
is of great importanee in determining suc- 
cess or failure of the therapy by vasocon- 
strictors. Marginal ulcers are particularly 
suited for such a direct infusion because of 
the ease of catheterization of the superior 
mesenteric artery which directly feeds the 
bleeding site. The favorable response of 
bleeding marginal ulcers to pitressin in- 
fusion as demonstrated in our series is also 
most likely related to the tendency of the 
ulcers to be superficial and, as such, to be 
amenable to induction of coagulation. 


Alfred Rosenbaum, M.D. 
945 Fifth Avenue 
New York, New York 10021 
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ABSTRACT: 


The dural branches from the cavernous portion of the internal carotid consists of 
the meningohypophyseal trunk, the inferior cavernous, and the capsular arteries. 
These vessels have extensive anastomoses in and around the sellar area. These 
arteries are not usually demonstrated angiographically; therefore, when they are 
enlarged, a pathological lesion should be suspected. There are numerous lesions other 
than meningiomas associated with hypertrophy of these dural branches and the cor- 
responding vessels involved depends on the anatomic location of the associated 


lesion. 


| ee 1956 Bernasconi and Cassinari! de- 
scribed a tentorial meningioma supplied 
by dural branches, which they considered 
to originate from the external carotid 
artery. At that time they angiographically 
demonstrated tentorial arteries in five of 
seven tentorial meningiomas and considered 
the visualization of these tentorial vessels 
specific for meningiomas. In 1958 Wickbom 
and Stattin? demonstrated that these ar- 
teries are actually dural branches of the 
cavernous portion of the internal carotid 
arteries. Since that time there has been 
demonstration of lesions other than tentorial 
meningiomas associated with hypertrophy 
of these dural arteries.28-" Some of these 


are arteriovenous malformations, angiomas, 
gliomas invading the tentorium, trigeminal 
neurinomas, pituitary tumors, hypothalam- 
ic tumors, and occlusive vascular lesions. 
The vascular anatomic aspects of the 
carotid siphon have been discussed by 
Parkinson.’ Our intention in this presenta- 
tion is to discuss further the anatomy of the 
dural supply of the carotid siphon (Fig. 1, 
A and B) and to illustrate the significance 
of angiographic visualization of its 
branches. 


ANATOMIC FEATURES 


The first branch originating from the 
cavernous portion of the internal carotid 





Fic. 1. (4 and B) Anatomic presentation of the dural branches from the cavernous portion of 
the internal carotid with demonstration of their anastomoses and areas of supply. 


* From the Department of Radiology, Loyola University of Chicago, Foster G. McGaw Hospital, Maywood, Illinois. 
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Fic. 2. (4 and B) Right and left common carotid arteriograms demonstrating filiform narrowing of internal 
carotids from their origin to foramen lacerum. Note multiple dural branches anastomosing the internal 


(arrows) and external carotid (arrowheads) systems. 


artery is the meningohypophyseal trunk 
which usually trifurcates into three 
branches: the tentorial, the dorsal menin- 
geal, and the inferior hypophyseal arte- 
ries. The meningohypophyseal trunk arises 
from the vertical segment of the cavernous 
portion of the internal carotid artery, 
shortly after it enters the cavernous sinus. 
It courses in a posterolateral direction, 
gives off branches which supply the third 
and fourth cranial nerves, and anastomoses 
with ophthalmic meningeal and ascending 
pharyngeal branches of the external carotid 
artery. The tentorial artery courses poste- 
riorly giving off branches to the tentorium 
and posterior portion of the falx cerebri, 
branching to join with the tentorial artery 
from the opposite side. The second branch 
of the meningohypophyseal trunk, the 
dorsal meningeal, leaves the trunk in a 
medial posteroinferior direction to supply 
the dura of the clivus anastomosing with 
its counterpart from the opposite side. It 
may anastomose with branches of the 
vertebral and cervical arteries. The third 
branch of the meningohypophyseal trunk is 
the inferior hypophyseal artery. This vessel 
leaves in an anteromedial direction and 
supplies portions of the pituitary gland, 


the contents of the cavernous sinus, and 
the diaphragm and floor of the sella. It also 
anastomoses with its counterpart from the 
opposite side. 

A second branch, from the cavernous 
portion of the internal carotid artery, is the 
artery of the inferior cavernous sinus which 
originates from the inferolateral aspect. It 
supplies the dura of the inferior portion of 
the cavernous sinus and the Gasserian 





Fic. 3. A 50 year old female with a recurrent sphenoi- 
dal wing meningioma with extension to the ante- 
rior and middle cranial fossae. Note hypertrophy of 
the dural branches from the siphon (small arrows) 
and the ophthalmic artery (large arrows) supply- 
ing tke lesion. 
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Fic. 4. (4, and B) This demonstrates a meningioma of the clivus in a 47 year old male. Note the 
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numerous dural branches extending posteriorly from the siphon. 





Fic. 5. Demonstration of en plaque meningioma in- 
volving the entire petrous bone extending into the 
tympanic cavity in a 43 year old female with left 
sixth nerve palsy and hearing loss. Note dural 
branches (arrows). 
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Fic. 6. A 50 year old female with a large parasellar 
meningioma with extension to the cavernous sinus, 
and middle and posterior fossae. Note the exten- 
sive dural supply (arrows). 





ganglion. Near the foramen spinosum it 
may anastomose with the middle meningeal 
and the accessory middle meningeal 
branches. 

The third branch to arise from the 
cavernous portion of the internal carotid 1s 
the capsular artery of McConnelé which has 
an inferomedial origin and anastamoses 
with its counterpart from the opposite side. 
The existence of the capsular artery is 
variable as well as its origin which may be 
from the cavernous portion of the internal 
carotid or from the inferior hypophyseal 
artery. 


DISCUSSION 


These vessels are normally present but 
are seldom demonstrated angiographically. 





lic. 7. Hypertrophy of the dorsal meningeal and 
tentorial arteries (arrows) supplying a cerebello- 
pontine angle meningioma. 
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Fic. 8. (4 and B) This shows the typical appearance of the artery of 
Bernasconi and Cassinari (arrows) in a tentorial meningioma. 
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In a study by Hatam? the incidence of fill- > 
ing of the cavernous branches in 100 normal 

angiograms was distributed as follows: 
meningohypophyseal trunk 12 percent; in- 
ferior cavernous sinus artery four percent [i 

and the capsular artery zero percent. F N 
However, the incidence of visualization S EX i dà 
may vary considerably with selective 

carotid angiography and with the aid of 

subtraction technique. Since the vessels p \ 
may be visualized in normal angiograms, | ac ey. 
certain criteria should be used to evaluate fyo, 9. Metastatic temporal lobe mass with parasel- 
their significance. Hypertr ophy and elonga- lar extension supplied by dural branches (arrows). 
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Fic. 10. (4 and B) Dural branches (arrows) supplying large recurrent nasopharyngeal 
carcinoma with massive extension into the base of the skull. 
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Fic. 11. Large temporal lobe glioblastoma with Fic. 12. Dural branches from the meningohypophy- 
parasellar extension which is indicated by hyper- seal trunk (arrow) feeding a chromophobe ade- 
trophy of dural branches (arrows). noma with suprasellar extension. 
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Fic. 13. Lateral extension of a large chromophobe 
adenoma. Note dural supply (arrows) by the in- i hfaa 
ferior cavernous sinus artery and superior and Fic. 14. Trigeminal neurinoma profusely supplied by 
posterior displacement of siphon. dural branches (arrows) from the carotid siphon. 
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Fic. 15. (4 and B) Large arteriovenous malformation s 
Similar changes were noted on opposite side. Note drainage into the great vein of Galen. 
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tion of the vessel? and association with 
tumor vessels, tumor blushes, and early 
venous filling are important criteria for 
evaluation. These dural branches from the 
carotid siphon may become hypertrophied 
in lesions which are anatomically located 
in the region which these vessels supply. 
Due to their extensive anastomoses, these 
vessels may also become hypertrophied as 
a result of collateral circulation. There has 
been reference to their importance in col- 
lateral circulation by,Stattin!® and Kramer 
and Newton‘ in cases of thrombosis and 
berry aneurysm of the middle cerebral and 
also in occlusive disease of the carotid 
arteries; however, no examples were given. 
Figure 2, 4 and B, demonstrates a filiform 
narrowing of both internal carotid arteries 
resulting in a collateral circulation via the 
external carotid to the dural branches of 
the cavernous portion of the internal 
carotid artery. 

In the literature, most cases that have 
demonstrated hypertrophy of the dural 
arteries have been meningiomas and indeed 
this should be the first consideration when 
there is hypertrophy of the vessels. We 
have demonstrated seven cases of meningi- 
omas in different locations relative to the 
origin of the dural branches of the internal 
carotid artery. Examples include a sphen- 
oidal wing meningioma with extension to 
the anterior and middle cranial fossae 
(Fig. 3), a meningioma of the clivus (Fig. 4, 
A and B), a meningioma en plaque extend- 
ing into the tympanic cavity (Fig. 5), a 
meningioma with extension to the middle 
and posterior fossae and cavernous sinus 
(Fig. 6), a cerebellopontine angle meningi- 
oma (Fig. 7), and a tentorial meningioma 
(Fig. 8, Æ and B). 

Hypertrophy of the dural vessels may 
also occur in association with lesions that 
secondarily invade the dura. Examples 
included here are metastatic carcinoma 
(Fig. 9), a nasopharyngeal carcinoma 
(Fig. 10, 4 and B), and a glioblastoma 
(Fig. 11). These examples of secondary in- 
volvement of the meninges and those of 
primary meningeal involvement demon- 
strate that pathological lesions involving 
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Fic. 16. Arteriovenous malformation draining into 
transverse and sigmoid sinuses. Note dural 
branches (arrows). 


an area normally supplied by the dural 
arteries alter flow to that area and cause 
hypertrophy of the supplying vessels. 

As cemonstrated in Figure 14, and B, 
there are other structures, besides the dura, 
supplied by dural branches of the internal 
carotid artery. When these structures be- 
come pathological so as to require increased 
blood supply, the flow to those areas in- 
creases and hypertrophy of the supplying 
vessels occurs. Examples of such lesions 
may include chromophobe adenoma (Fig. 
12; and 13) and trigeminal neurinoma 
(Fig. 14). 

Vascular malformations have been dis- 
cussed extensively by Newton and Hoyt® 
and are another cause of hypertrophy of the 
dural arteries. Figure 15, 4 and B, is an 
example of an arteriovenous malformation 
extending to the great vein of Galen, and 
Figure 16 shows a posterior fossa arterio- 
venous malformation fed by multiple dural 
branches. 


Enrique Palacios, M.D. 
Department of Radiology 
Loyola University of Chicago 
2160 South First Avenue -> 
Maywood, Illinois 60153 
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INTRACRANIAL HEMANGIOPERICYTOMAS* 
ANGIOGRAPHY, PATHOLOGY AND DIFFERENTIAL DIAGNOSIS 


By JOSEPH A. MARC, M.D.,t Y. TAKEI, M.D.,t M. M. SCHECHTER, M.D.,§ 
and J. C. HOFFMAN, M.D. 


ATLANTA, GEORGIA AND BRONX, NEW YORK 


ABSTRACT: 


Intracranial hemangiopericytomas are tumors which angiographically and histo- 
logically can mimic other vascular intracranial masses. The term angioblastic 
meningioma has been applied to this tumor and zo other vascular tumors. However, 
hemangiopericytomas have a unique biological behavior and prognosis as they tend 
to recur or metastasize and are insensitive to radiation. Hence, the importance of 
their specific recognition is emphasized. This is a report of the roentgenologic and 
pathologic findings in five cases of histologically verified intracranial hemangioperi- 
cytomas. The angiographic findings common to these tumors include a myriad of 
tiny irregular feeding vessels springing from a main trunk, an intense fluffy type of 
stain, lack of early veins, and prolonged tumor circulation time. The major arterial 
supply is from the internal carotid or vertebral circulation rather than from external 
(meningeal) vessels. Differentiation from other vascular tumors particularly supra- 
tentorial hemangioblastoma, glioblastoma multiforme, as well as from vascular 
meningothelial meningioma is important from both the angiographic and histologic 


aspects. 


ICKBOM* in 1953 stated “the 

possibility of establishing a differen- 
tial diagnosis of tumors by angiography is 
mainly based on the fact that many tumors 
have a vascular supply and architecture 
different in appearance from the vascu- 
larity of the normal brain tissue.” 

Among the vascular intracranial neo- 
plasms, hemangiopericytomas are suffi- 
ciently unique in their angiographic mani- 
festations that a careful analysis of the 
findings should permit at least a high suspi- 
cion of their presence. The distinction of 
these tumors from other types of meningeal 
tumors is an important one as hemangio- 
pericytomas have a high tendency to recur 
and sometimes to metastasize.**!° Angio- 
graphically, they can resemble supraten- 
torial hemangioblastomas, glioblastoma 
multiforme or some metastatic tumors. 


Nevertheless, unlike glioblastomas and 
some metastatic lesions they are insensitive 
to radiation. Surgical extirpation is the 
definitive treatment, and long term follow- 
up should be the rule. These facts make 
obvious the importance of their recognition 
by both the radiologist and the pathologist. 
Their awareness of the entity will avoid 
fruitless radiation therapy and guard 
against delay in recognizing recurrences. 
The importance of recognizing these tu- 
mors along with our inability to find a 
reference in the English literature on the 
angiographic features of this neoplasm has 
prompted us to report our observations. 


MATERIAL AND METHOD 


Five cases of intracranial hemangio- 
pericytomas which were histologically 
proved subsequent to the operation were 


* Presented at the Seventy-fifth Annual Meeting of the American Roentgen Ray Society, San Francisco, California, September 24- 
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Fic. 1. A diagrammatic comparison of the arterial phases of four hypothetical tumors in the frontal area. 
In meningothelial, but vascular meningioma (VM), the major contribution is from the middle meningeal 
artery (arrowheads) which supplies the center of the tumor where it divides into several branches re- 
sembling the spokes of a wheel. A limited contribution may come from the internal carotid branches (open 
short arrows). In hemangiopericytoma (HPC) the major supply is from the anterior cerebral artery (short 
arrow) via a major feeder or feeders (arrowheads) from which a myriad of tiny feeders springs. Only a 
minor contribution from the middle meningeal occurs (arrow). In glioblastoma multiforme (GM) several 
large feeders (arrowheads) arise from internal carotid artery branches (anterior cerebral in this example) 
and there is no meningeal supply. In supratentorial hemangioblastoma (HBL) large main feeders from 
internal carotid artery branches are seen, but the feeders are tightly packed in the region of the tumor and 
microaneurysm formation is common. No meningeal artery branches supply to the tumor. 


studied and analyzed angiographically. In 
each case, a percutaneous puncture of the 
carotid artery, or femoral artery catheter- 
ization, was performed. Ten cc of contrast 
material were used for the common carotid 
artery, and eight cc for either the internal 
carotid artery or the vertebral artery injec- 
tion. Serial angiography was done in all 
cases on a rapid film changer at a rate of 
two films per second for three seconds 
followed by one film per second for six 
seconds. 


RESULTS 


There are similar angiographic features 
seen in each of our cases. These include 


(Fig. 1; and 2): 


(1) A dual arterial supply. These tumors 
draw arterial supply from both internal 
and external carotid branches. The 
major feeders, however, are from inter- 
nal carotid artery branches (Fig. 3, 4 
and C; 5, 4, B and E; 64; and 7, 4 
and C). 
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Fic. 2. A diagrammatic representation of the venous phase of the four hypothetical tumors as in Figure 1. 
Note the homogeneous stain of meningiomas (VM), the dense stain in hemangioblastoma (HBL), the 
dense stain in hemangiopericytoma (HPC) augmented by Iimgering of contrast material in venous channels 
in tumor region. In glioblastoma multiforme (GM) the stain is irregular and blotchy and there commonly 
is an early draining vein. 


Ta 


Internal cerebral vein. 


2. Straight sinus. 


(2) 


(3) 


(4) 


(5) 
(6) 


A main feeder or feeders from which a 
myriad of small corkscrew vessels 
arises rather than a multitude of large 
vessels (Fig. 34; 44; and 5C). 

A degree of vascular displacement 
somewhat less than expected from the 
size of the area showing tumor stain 
(Fig. 38). 

A very dense tumor stain augmented 
by lingering of contrast material in 
venous channels within and adjacent 
to the tumor (Fig. 4B; 5D; 6B; and 
7B). 

A slow circulation time. 

All are placed on the convexity, none 


at the base of the skull or the Sylvian 
region. One case is paratorcular (Case 


t; Fig. 3, 4-C). 


DISCUSSION 


Stout and Murray": coined the term 
‘“*hemangiopericytoma” based upon their 
experience with a total of 34 extracranial 
neoplasms which led them to conclude that 
the typical tumor cells surrounding capil- 
lary endothelium were the pericytes of 
Zimmerman.” Reports appeared thereafter 
and certain characteristics of this tumor 
emerged. They can occur in soft tissues 
anywhere in the body®:# including the neck, 





extremities, buttock, orbit,’ breast, uterus, 
scalp, or retroperitoneum, as well as intra- 
` cranially arising from the meninges.” ° 
Their universal distribution is obviously 
related to their perivascular growth; in 
other words, they can occur wherever capil- 
laries exist. 

In spite of their characteristic histologic 
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Fic. 3. Case 1. B.P. a 22 year old female 
with occipital headaches and visual dis- 
turbances for five months. (4) Left ver- 
tebral angiogram lateral projection. A 
large main feeder (open short arrow) 
arising as a branch from the posterior in- 
ferior cerebellar artery and divides into a 
myriad of small irregular vessels (short 
arrows) in the region of the tumor. 
Another large feeder (arrows) from the 
posterior cerebral artery also supplies 
this tumor. The tumor invaded the 
tentorium and was slightly bulging into 
the posterior fossa. (B) Left vertebral 
angiogram lateral projection. The venous 
phase shows a dense fluffy tumor stain 
augmented by lingering of contrast ma- 
terial in venous channels draining the 
tumor. (C) Right carotid angiogram 
lateral projection shows a limited supply 
from the middle meningeal artery (ar- 
rows). 


appearance, intracranial hemangiopericy- 
tomas have been called angioblastic me- 
ningioma,!:!%§ vascular meningioma, menin- 
geal sarcoma,® atypical sarcoma, or angio- 
sarcoma. They may be mistaken for supra- 
tentorial hemangioblastoma and some- 
times even misdiagnosed as glioblastoma 
multiforme, or a metastatic deposit. In par- 





Fic. 4. Case 11. O.R., a $6 year old female with six month history of gradual memory loss and personality 
change. Visual disturbance three months prior to admission. (4) Right carotid angiogram, lateral projec- 
tion, shows a large main feeder (arrows) arising from the anterior cerebral artery and dividing into a 
myriad of small feeders to supply a large frontal tumor. A limited contribution from the middle meningeal 
artery (arrowheads) is seen. Similar angiographic findings were found on the opposite side. Note the 
absence of an early vein. (B) Right carotid angiogram, frontal projection, capillary phase. Note absence 
of early draining vein as well as the dense tumor stain in m dline. 





- 


Fic. 5. Case 11. C.J. a 28 year old male with history of frontal headaches and personality changes for six 


months. (4 and B) Right and left carotid angiograms, frontal projection, showing the main feeder (ar- 
rows) from which a myriad of small vessels springs to supply a midline frontal tumor. A limited supply 
from the anterior falx artery is seen (arrowheads in B). (C and D) Left carotid angiograms, (C) arterial 
and (D) venous phases. The main feeders are from the anterior cerebral artery (arrow) with limited 
supply from the recurrent meningeal branch of the ophtha mic artery (arrowhead in C). Note the lingering 
of contrast material in venous channels augmenting the tumor stain. (E) Left external carotid angiogram 
lateral projection. Note the limited supply to the tumor by the middle meningeal artery (arrowheads). 





Fic. 6. Case tv. R.O. a 43 year old female with two 
year history of headaches and personality changes. 
Three month history of left sided weakness. (4) 
Right carotid angiogram lateral projection shows 
a major arterial supply from anterior cerebral 
artery branches (small arrowheads) with limited 
contribution from the ophthalmic artery (large 
arrowheads). No early vein is seen in the region of 
the tumor. (B) Right carotid angiogram lateral 
projection, early venous phase showing intense 
tumor stain in the frontal region augmented by 
lingering of contrast material in venous channels 
in the region of the tumor. 


ticular, there are those who still classify 
this tumor as an angioblastic meningioma. 
This practice is based upon the classifica- 
tion of Cushing and Eisenhardt® who de- 
scribed this tumor as angioblastic meningi- 
oma (Type Iv) variant 1. However, if the 
misleading notion that all tumors arising 
from the meninges are meningiomas is 
abandoned and the cytogenesis of the 
neoplasm in question is taken into consider- 
ation, then hemangiopericytoma as named 
by Stout and Murray" is clearly a distinct 
entity. 

The histologic characteristics of the 
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hemangiopericytoma are readily apparent 
by conventional light microscopy (Fig. 8, 
A and B). Numerous vessels may often be 
collapsed or slit shaped or at times appear 
as non-patent vascular buds surrounded by 
closely packed, mostly spindle-shaped cells 
with round to ovoid or elongated, moder- 
ately hyperchromatic nuclei. Mitotic fig- 
ures are common (Fig. 84). These cells 
form swirls or frond-like projections in the 
intervascular space which may be faintly 
reminiscent of meningocytic whorls (Fig. 
84). Each neoplastic pericyte or perivascu- 
lar cluster of pericytes is enclosed by thin 
reticulin fibers (Fig. 88). Under the elec- 
tron microscope, these reticulin positive 
fibers are seen to be composed of moder- 
ately electron dense, granulofibrillary ma- 
terial arranged as a thin pericellular mem- 
brane or, frequently, as an amorphous 
mass in edematous intercellular space 
(Fig. 8C). The ultrastructure of this ma- 
terial is almost identical to that of the base- 
ment membrane of normally oriented 
pericytes which are also seen in the neo- 
plasm (Fig. 8D). The tumor vessels usually 
have only one layer of normal endothelium 
lining the lumen (Fig. 8D). 

Begg and Garret? indicated that the 
“malignancy” of hemangiopericytomas 
cannot be predicted by histological criteria 
despite the abundance of mitotic figures. 
Clinically these tumors present in a 
younger age group and have a shorter 
duration of symptoms than either meningi- 
omas or metastatic lesions. This was also 
the preoperative roentgenologic impression 
in three of the above five cases. 

Angiographically, a certain angioarchi- 
tectural pattern was found common to 
these tumors. 


(1) A dual arterial supply from both the 
internal and external carotid arteries. 
However, the major feeding vessels are 
from the internal carotid artery 
branches or the posterior cerebral arte- 
ries rather than external carotid artery 
branches. This is in contrast to me- 
ningothelial meningiomas where the 
major blood supply is from the middle 
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Fic. 7. Case v. F.M. a 54 year old female with history of personality changes and memory loss for one year. 
(4) Left carotid angiogram, lateral projection, arterial phase. Note the dual arterial supply from internal 
carotid artery branches (arrow) as well as the middle meningeal artery (arrowheads). (B) Venous phase 
showing the dense tumor stain in the frontal area. The stain is augmented by lingering of contrast material 
in venous channels in the tumor area (arrowheads). (C) Left external carotid angiogram, arterial phase 
showing the contribution of the middle meningeal artery to the frontal tumor (arrows). (D) Venous 
phase of the external carotid angiogram showing a rather unusual phenomenon, namely, the dense stain at 
the periphery of the tumor in contrast to what is seen in meningiomas where the middle meningeal artery 
supplies the core of the tumor as in Figure q. 


meningeal artery that supplies the 
center of the tumor by branching ir a 
spoked wheel fashion! (Fig. 9). It is 
thus worth mentioning at this point 
that not all tumors with a meningeal 
blood supply are meningiomas, for 
example, hemangiopericytomas, and 
glioblastoma multiforme that invades 
the meninges. It is interesting thet in 
one of our patients (Case v. Fig. 7, C 
and D) the meningeal supply tc the 
tumor was mainly to its periphery 


( 


to 


) 


rather than the center as in meningi- 
omas. 

A main large feeder or feeders from 
which a myriad of small corkscrew 
vessels arises within the tumor, rather 
than a multitude of small and large 
feeding vessels as is usually the case in 
glioblastoma multiforme!® (Fig. 10, 4 
and B). The major feeders and the 
numerous small off-springs have irregu- 
lar lumens. 


(3) A very dense vascular stain appearing 
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Fic. 8. Histologic characteristics of hemangiopericytoma. (4) Note cellular tumor with many vascular chan- 
nels. A mitotic figure is present (arrow). A cluster of pericytes mimicking a meningeal whorl is seen at the 
bottom. H-E X300 (B) Rich network of reticulin fibers surround tumor cells. Wilder X300 (C and D) 
Electron micrographs (6700) show a thin basement membrane partially surrounding a tumor cell 
(C: arrow), and amorphous aggregate of granulo-fibrillar material in edematous intercellar spaces (C: 
arrowheads) which is similar to the basement membrane of normal pericytes (D: arrows, Pr). Note normal 
endothelial cells (D: En) lining the lumen (D: Lm) of a tumor vessel. 
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in the mid arterial phase resembling 
the stain of hemangioblastomas. The 
intensity of stain is augmented in some 
cases by lingering of contrast material 
in draining venous channels in the 
region of the tumor. 

(4) Slow circulation time. In none of our 
material was there evidence of an early 
draining vein in the region of the 
tumor. On the contrary, the veins 
draining the tumor stayed opacified 
for a prolonged period, and as they are 
in the immediate vicinity of the tumor 
they tend to augment their vascular 
stain as mentioned above. This is par- 
ticularly significant in view of the 
previously mentioned reports of early 
filling veins draining so-called angio- 
blastic meningiomas’ or so-called 
malignant meningiomas.'® 

(5) The degree of arterial displacement is 
somewhat less than expected from the B) 
size of the area showing tumor stain, E ere 
perhaps due to the infiltrative nature Frs. 10. (4) Left carotid angiogram in a patient with 
of the tumor. glioblastoma multiforme in the frontal area. Note 

the multiple large and small feeders (arrowheads) 

compared to the main feeder in Cases 1-v. (B) 

Venous phase showing the irregular and blotchy 

stain most commonly seen in glioblastoma multi- 


forme; compare it with the dense stain of hemangi- 
opericytoma in Cases I-v. 





(6) All cases were placed on the convexity, 
none at the base of the skull or the 
Sylvian region. One case was para- 
torcular. It is important to recall at 
this point the observation of Banna 
and Appleby? that “in tumors situated 
near the midline, angiography should 
not be limited to the side of the 
tumor.” Although the paratorcular 
location has been said to be a site of 
predilection, only one of our cases was 
in that location. The rest of our cases 

| d n oe were on the convexity, none at the 

4 Ne base of the skull. 


* 





EEE : We should like to emphasize that in order 
Fic. 9. Left external carotid injection in a patient to suspect the diagnosis at hemangioperi- 


with frontal meningioma showing the usual dis- f h rii ee di a 
tribution of the middle meningeal supply to the © toma the radiologist must diligently 


core of the tumor dividing in a spoked wheel search for the various details of the angio- 
fashion (arrowheads). architecture. Alerting the pathologist to the 
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possibility of a hemangiopericytoma will 
also help him to choose the proper staining 
methods and to look for the particular fea- 
tures of this tumor. Needless to say, due to 
the hypervascularity of this tumor, a more 
dificult operation will be anticipated, a 
fact of which the surgeon should be ap- 
prised. 


Joseph A. Marc, M.D. 
Department of Neuroradiology 
Grady Memorial Hospital 

80 Butler Street, S.E. 

Atlanta, Georgia 30303 


Case v was kindly contributed by Dr. 
William C. Spencer, Department of Radi- 
ology, Crawford W. Long Hospital, At- 
lanta, Georgia. 
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DISPLACEMENT OF PONTINE ARTERIES BY 
FUNGATING PONTINE ASTROCYTOMAS* 


By BARRY GERALD, M.D., and SHELDON WIEDER, M.D. 


MEMPHIS, TENNESSEE 


ABSTRACT: 


Pontine astrocytomas may fungate, encircling the basilar artery and ponto- 
mesencephalic vein and intruding between these structures and the clivus. The 
tumor thus may prevent anterior displacement of these vascular structures against 
the clivus or produce paradoxical posterior displacement. However, the pontine 
arteries are usually swept forward by the tumor nodules to lie anterior to the basilar 
artery. These artefies are also stretched as they encircle the enlarged pons, losing 
their normal undulations. An increased posterior extent of the vessels may be seen, 
presumed due to hypertrophy or displacement cr both. These findings seem highly 
specific for the diagnosis of fungating pontine astrocytoma. 


N intra-axial pontine mass character- 
istically displaces the basilar artery 
and pontomesencephalic vein anteriorly 
against the clivus. However, pontine astro- 
cytomas may fungate with tumor nodules 
interposed between the vascular structures 
along the anterior border of the pons and 
the clivus. The basilar artery and ponto- 
mesencephalic vein may then appear in a 
normal position or displaced posteriorly. 

Huang and Wolf*® and Takahashi’:® 
stated that the pontine arteries may lie 
anterior to the basilar artery in patients 
with a fungating pontine astrocytoma. This 
finding was termed the paradoxical phe- 
nomenon and the authors presented four 
examples. 

At the University of Tennessee we have 
studied four children with fungating pon- 
tine astrocytomas in whom the course and 
extent of the pontine arteries seemed ab- 
normal. A previous report? describing the 
normal course of the pontine arteries was 
written prior to magnification techniques. 
Stimulated by these patients, we reviewed 
the pontine arteries in 50 normal vertebral 
angiograms in the lateral projection utiliz- 
ing 2:1 magnification. 

The purpose of this report is to compare 
the normal course and appearance of the 
pontine arteries to that seen in fungating 
pontine astrocytomas. 


NORMAL APPEARANCE OF THE 
PONTINE ARTERIES 


Gaorielsen and Amundsen’ described the 
arter ographic appearance of the pontine 
arter.es about the upper pons. The median 
branehes are minute twigs which enter the 
pons immediately from the posterior por- 
tion of the basilar artery and cannot be 
identified angiographically. The transverse 
circumferential branches were seen in 87 
percent of selective vertebral angiograms 
in the lateral view. These arteries were de- 
scribed as often making a distinct turn im- 
mediately adjacent to the anterior border 
of the pons. As they coursed about the 
lateral border of the pons the arteries were 
faintly seen, eventually vanishing as they 
entered the pontine parenchyma. 

We reviewed the lateral arterial phase 
in each of ço normal unselected verte- 
bral angiograms performed transfemorally. 


TABLE Í 


AGE DISTRIBUTION OF NORMAL PATIENTS 


O- 9g years 13 
1O-Ig years 12 
20-29 years IO 
30-39 years 7 
Over 40 years 8 

Total 50 


* From the Department of Diagnostic Radiology, University of Tennessee College of Medicine, Memphis, Tennessee. 
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Two-to-one magnification was used in all 
patients. The ages of the patients are pre- 
sented in Table 1. The youngest was two 
weeks and the oldest 56 years. A small 
number of retrograde brachial studies with 
magnification was also reviewed but the 
pontine arteries could be identified in none. 
The number of magnification studies in the 
anteroposterior projection available for 
review was insufficient for evaluation. The 
measurements presented are not corrected 
for magnification. 

The pontine arteries about the upper 
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Fic. 1. Examples of normal pontine arteries. (4 


and B) The origins of the circumferential 
branches of the pontine arteries (arrowheads) 
are seen as round areas of increased density aris- 
ing from the posterior third of the basilar artery. 
The arteries undulate in their course about the 
upper pons. The vessels in their posterior portion 
are obscured by overlying branches of the super- 
ior cerebellar arteries. (C) A portion of the pon- 
tine artery projects approximately I mm anterior 
to the basilar artery (arrowhead). This projec- 
tion of the pontine artery anterior to the basilar 
artery was seen in four of 50 normal vertebral 
arteriograms. The anterior temporal branch of 
the posterior cerebral artery (arrow) projects 
anterior to the basilar artery and overlies the 
clivus. 


pons were identified in 43 of the ṣo pa- 
tients (Fig. 1, 4 and B). The origins of the 
vessels could be seen as tiny areas of in- 
creased density along the mid and posterior 
portions of the basilar artery. The number 
of arteries varied from two to five. From 
their origins, the vessels coursed posteriorly 
around the lateral border of the pons with 
a generally undulating contour. The vessels 
could rarely be traced more than 5 mm 
posterior to the basilar artery and in no 
case beyond 10 mm. The inability to see 
the vessels in their more posterior portions 
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Displacement of Pontine Arteries 


ak: 


Fic, 2. Four year old girl with right hemiparesis, difficulty swallowing, slurred speech, left facial twitching: 





ataxia, and incoordination. (4) Pontine arteries (arrowheads) >roject anteriorly to a normally positioned 
basilar artery. The pontine arteries can be traced approximately 18 mm posterior to the basilar artery 
(arrow). (B) The fourth ventricle and aqueduct are displaced posteriorly. The prepontine cistern is com- 
pressed. A ventriculoperitoneal shunt was performed and radiat:on therapy given. 


may be due to their entering the pontine 
parenchyma, but visualization is difficult 
also because of superimposed superior 
cerebellar branches. 

The pontine arteries were seen to extend 
I to 2 mm anterior to the anterior border 
of the basilar artery in four patients before 
looping posteriorly (Fig. 1C). Rotation did 
not seem to be a factor in these patients. 
Atherosclerotic changes seem unlikely as 
three of the four patients were in the third 
decade. We assume the vessels were not 
lying along the anterior border of the pons 
but rather were looping in the prepontine 
cistern and therefore did not give an accu- 
rate idea of the anterior border of the pons. 
The anterior temporal branch of the poste- 
rior cerebral artery, which normally ex- 
tends anterior to the pons, should noz be 
confused with the pontine arteries.® 


MATERIAL* 


Four children have been seen with a final 
clinical and roentgenographic diagnosis of 


* Since submission of this paper for publication, we have per- 
formed cerebral angiography on a fifth patient with a pontine 
astrocytoma. The basilar artery and pontomesencephalic vein 
were in normal position. Pontine arteries were displaced anterior 
to the basilar artery. Pneumoencephalography confirmed the 
diagnosis. 


fungating pontine astrocytoma. Each pre- 
sented with varying cranial nerve deficits, 
hemipar2sis, ataxia and _hyper-reflexia. 
Transfemoral cerebral angiography was 
performed in each as well as pneumoen- 
cephalography or ventriculography. In 
three of the four, the posterior fossa was 
not surgically explored. These patients were 
treated with ventriculoperitoneal shunts 
and irradiation. Two are alive six and 
twelve months later. The third patient 
expired three months after shunting. In the 
fourth patient, a fungating pontine astro- 
cytoma was confirmed at surgery. This pa- 
tient expired one month later. 
Angiographically, the basilar artery and 
pontomesencephalic vein were in normal 
position in two of the four patients (Fig. 
2-5). Both vascular structures were dis- 
placed posteriorly in the other two. In each 
of the four patients the pontine arterial 
loops lay 3 to 4 mm anterior to the basilar 
artery. In two children, the arteries were 
distinctly stretched with loss of their nor- 
mal undulations as they encircled the pons. 
The arteries could be traced 18-20 mm 
posterior to the basilar artery in three 
instances and approximately 8 mm in the 
fourth. Encephalography showed posterior 
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Fic. 3. Fourteen year old boy with staggering, left facial weakness, truncal ataxia, deviation of the tongue 
to the left, and left hemiparesis. (4) Pontine arteries (arrowhead) project anteriorly to a normally posi- 
tioned basilar artery and are stretched as they encircle the pons. The arteries can be seen approximately 
20 mm posterior to the basilar artery (arrow). (B) The aqueduct and fourth ventricle are displaced pos- 
teriorly. At craniotomy, a fungating pontine astrocytoma was found. 


displacement and widening of the fourth 
ventricle and aqueduct in each of the pa- 
tients, confirming the diagnosis of an intra- 
axial pontine mass. 

The angiograms of ten patients with 
fourth ventricular or cerebellar masses 
were reviewed. The basilar artery and 
pontomesencephalic vein were displaced 
anteriorly against the clivus in each pa- 
tient. The pontine arteries did not project 
anterior to the basilar artery in any case 
and their course around the pons showed 
normal undulations. 


DISCUSSION 


Bradac and Martins! show two anatomic 
specimens with the basilar artery encircled 
by a pontine astrocytoma. Other authors?*:® 
have described posterior or lateral displace- 
ment, or both, of the basilar artery in pon- 
tine tumors extending eccentrically into the 
cerebellopontine angles and into the pre- 
pontine cistern. Displacement of the pon- 
tine arteries was not mentioned in these 
reports. 

It has been stated that an intra-axial 
pontine mass may displace the ponto- 


mesencephalic vein posteriorly and the 
basilar artery anteriorly.’ Gabrielsen and 
Amundsen? felt the pontomesencephalic 
vein was a better index of the anterior bor- 
der of the pons than the pontine arteries. In 
our cases, the basilar artery and ponto- 
mesencephalic vein were in normal position 
or displaced posteriorly and lay the same 
distance from the clivus. The pontine 
arteries, therefore, seem to give a more ac- 
curate picture of the location of the anterior 
pontine border. 

In our four normal patients in whom the 
pontine arteries extended anterior to the 
basilar artery, the maximal anterior extent 
was 2 mm. The anterior extension in the 
four patients with pontine astrocytomas, 
in contrast, varied from 3 to 5 mm. The 
posterior extent of the pontine arteries in 
the normal patients seemed greater than 
5 mm in only four patients and did not 
exceed 10 mm. In three of the four patients 
with an astrocytoma, the posterior extent 
was greater than 10 mm. In two of these 
patients the pontine branches were dis- 
tinctly stretched with loss of their normal 
undulations on both anteroposterior and 
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Fic. 4. Four year old girl with left strabismus, left facial paresis, and right hemiparesis. (4) Pontine arteries 
(arrowhead) project anterior to the basilar artery which appears somewhat posterior to the clivus (large 
arrowhead). The pontine arteries are stretched as they course about the pons and extend approximately 20 
mm posterior to the basilar artery (arrows). (B) Stretching of the pontine arteries (arrows) is again seen. 
(C) The pontomesencephalic vein is displaced posteriorly. (D) Conray ventriculography shows a poste- 
riorly displaced fourth ventricle with the mass producing an eccentric defect in the floor. A ventriculo- 
peritoneal shunt was performed and radiation therapy begun. 


lateral views. rigid pontine arteries by tumor nodules. 

The most reasonable explanation for the The increased pesterior extent may be due 
anterior displacement and stretching of the to hypertrophy of vessels supplying the 
pontine arteries is that proposed by Huang tumor as well as displacement. The role 
and Wolf,*® i.e., displacement of the less played by rotation of the brain stem in 
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Fic. 5. Six year old boy with left hemiparesis, right facial weakness, a stumbling gait, and difficulty with 


speech. (4) The basilar artery is displaced away from the clivus. Pontine arteries (arrowhead) project an- 
terior to the basilar artery. The pontomesencephalic vein (not illustrated) also was displaced posteriorly. 
(B) Pneumoencephalography shows the fourth ventricle and aqueduct to be displaced posteriorly. A 
ventriculoperitoneal shunt was performed and radiation therapy begun. 


these findings is not definite. However, the 
position of the superior cerebellar and 
posterior cerebral arteries did not suggest 
brain stem rotation in our patients. 


Barry Gerald, M.D. 

Department of Diagnostic Radiology 
University of Tennessee 

College of Medicine 

800 Madison Avenue 

Memphis, Tennessee 38163 
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UNUSUAL FOREIGN BODIES ASSOCIATED WITH 
CRANIAL TRAUMA* 
By THOMAS A. FREED, M.D., VINCENT R. ORONZI, M.D., 
and WELLUM P. FRIVOLD, M.D. 


SAN RAFAEL, CALIFORNIA 


ABSTRACT: 


Two unusual cases of cranial trauma are presented because of the bizarre roent- 
genographic appearance of the traumatizing foreign bodies. 


ADIOLOGISTS ,are accustomed to 
visualizing a multiplicity of opaque 
foreign bodies accidentally causing, or de- 
liberately used to inflict, cranial trauma. 
Two cases are presented which attest to the 
incredibly fertile ability of “homicidal 
man” to utilize everyday objects in the 
commission of mayhem, and the unusual 
roentgenographic appearance of these in- 
tracranial opaque foreign bodies. 


REPORT OF CASES 


Case 1. A 26 year old, white male was ad- 
mitted to the Emergency Room after transfer 
from the California State Prison facility at San 
Quentin. He allegedly had been stabbed, had 


multiple torso and flank wounds and had a 





rubber eraser protruding from the medial aspect 
of the left orbit. Physical examination revealed 
blindness ia the left eye, a temporal field defect 
on the right, some confusion, but no dysphasia 
nor gross hemisensory or hemiparetic signs. 
Roentgenograms revealed a pencil-shaped 
foreign body (Fig. 1, 4 and B). Following lum- 
bar puncture demonstrating extremely bloody 
cerebrospinal fluid, immediate left frontal 
craniotomy was performed (Dr. Sam Hanzel). 
The pencil was removed from the left orbit. 
There was < large hole posterior to the cribri- 
form plate cn the left side, and a fracture line 
extended transversely and obliquely across the 
lesser wing of the sphenoid to the superior 
oblique orbital fissure. The pencil had passed 
from the left orbit through the floor of the an- 
terior cranial fossa, through the left frontal 


E ; 
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Fic. 1. Case 1. (4) Lateral and (B) frontal roentgenograms show shaft of pencil (short arrow) extending from 


left frontal area obliquely and posteriorly into the right midparietal area. Curved arrow indicates eraser. 


* From the Department of Radiology, Marin General Hospital, San Rafael, California. 


839 


840 


mi f 
i. IR 


a’ 

Fic. 2. Case 11. (4) Lateral and (B) frontal roent- 
genograms demonstrate multiple opaque nails ex- 
tending through the bony calvarium. Arrow indi- 
cates air in the ventricular system. 


lobe and into the right lateral ventricle. The 
left optic nerve was severely injured. Bone frag- 
ments near the superior oblique orbital fissure 
were lifted out and patches of pericranium were 
used to seal off the dural openings with use of a 
biologic glue. 

The patient was started on huge antibiotic 
coverage. He was initially aphasic, had a severe 
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memory defect, and exhibited unusual behavior 
with inappropriate laughter. This was felt to 
represent organic brain damage. 

On the twelfth hospital day, skull roentgeno- 
grams demonstrated increased pneumocephalus 
and it was postulated that air was coming in 
from a leak in the ethmoid sinus (entering the 
ventricular system of the frontal lobe by that 
route). He had evidence of a cerebrospinal] fluid 
fistula. One month postinjury he was read- 
mitted for isotope and indigo carmine dye 
studies to identify a possible cerebrospinal fluid 
fistula, but none could be demonstrated. He was 
finally discharged, off antibiotics, with con- 
tinued blindness, organic brain damage, and an 
abnormal electroencephalogram compatible 
with brain injury in the left anterior frontal 
area. 


Case 11. In 1967, a young male of unknown 
age was transferred from local detention facili- 
ties to the Emergency Room of the Medical 
College of Virginia Hospital in a moribund 
state. Skull roentgenograms were obtained and 
demonstrated multiple, metallic objects 
throughout the bony calvarium as well as 
pneumocephalus (Fig. 2, Æ and B). The pa- 
tient expired before any treatment could be 
instituted. It was alleged that the metallic 
objects, which were carpet nails, were self- 
introduced by the patient using the heel of 
his shoe. (The complete records of this case are 
not now available and the history is as could 
be obtained at that time.) 


DISCUSSION 


The above cases are of interest because 
the unique roentgenographic appearance 
accurately reflects the bizarre history of 
each case. Also of interest is the difficulty, 
for experienced radiologists, in perceiving 
and conceptualizing the nature of the ab- 
normality when presented with these 
roentgenograms without a history. This 
was particularly true in Case 11, where, over 
a period of many years, experienced radi- 
ologists who were shown the roentgeno- 
grams have attempted to dismiss the 
opaque nails as artifactitious or relate them 
to an unusual disease state or unusual mode 
of medical therapy. Conversely, individuals 
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with less medical sophistication, such as lay 
people and medical students, have had less 
difficulty in perceiving the true nature of 
the foreign bodies as being nails. This is 
indicative of the difficulty in correctly per- 
ceiving something which one is conceptu- 
ally unprepared to accept. Even in our 


violent society, it is difficult to conceive of 
intracranial nails or pencils. 


Thomas A. Freed, M.D. 
Department of Radiology 
Marin General Hospital 

250 Bon Am Road 

San Rafael, California 94902 
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CHEST ROENTGENOGRAPHY AS A WINDOW TO THE 
DIAGNOSIS OF TAKAYASU’S ARTERITIS* 


By YAHYA M. BERKMEN, M.D., and ADAM LANDE, M.D. 


NEW YORK, NEW YORK 


ABSTRACT: 


The chest roentgenographic findings in Takayasu’s arteritis include widening of 
the ascending aorta, contour irregularities of the descending aorta, aortic calcifica- 
tions, pulmonary arterial changes, rib notching, and hilar lymphadenopathy. The 
single most important diagnostic sign is a segmental calcification outlining a local- 
ized or diffuse narrowing of the aorta. The other signs may be suspicious or sug- 
gestive, but the diagnostic accuracy increases when several findings are present 


simultaneously. 


AKAYASU, a Japanese ophthalmolo- 
gist, first described peculiar eyeground 
changes in a young female in 1908," but it 
was not until 1951 that Shimizu and Sano!” 
established the clinical entity of brachio- 
cephalic arteritis and named the disease 
“pulseless syndrome.” Recently, with the 
accumulation of autopsy and arteriographic 
findings, the whole extent of the disease 
became apparent. Takayasu’s disease, as it 
is known today, is a form of arteritis in- 
volving the aorta and its branches, and the 
pulmonary arteries in a indiscriminate 
fashion.*® The peripheral arteries are very 
rarely involved.® 
In the early stages of the disease, granu- 
lation tissue accompanied by a cellular 
infiltrate invades and destroys the elastic 
and muscular framework of the tunica 
media. Gradually, the activity of the dis- 
ease subsides and nonspecific scar tissue 
replaces functional elements of the aortic 
wall resulting in a marked thickening of the 
latter. The intima, although not directly 
involved in the inflammatory process, 
shows fibrous thickening as a secondary 
reactive phenomenon. This may assume 
enormous proportions and is primarily re- 
sponsible for luminal narrowing and occlu- 
sion. Secondary thrombosis and acceler- 
ated atheromatosis are readily engrafted 
upon the diseased intima. 


Fibrous adventitial thickening may be 
confined to the aortic wall or may deeply 
infiltrate the periaortic tissues. Conse- 
quently the external aortic contour irregu- 
larities occur. The outer circumference can 
be dilated or narrowed. Extreme luminal 
constriction can occasionally occur in the 
presence of only mild alteration of the 
outer diameter of the vessel. 

In other instances with rapid destruction 
of the elastic and muscular elements of its 
wall, the aorta becomes dilated or aneu- 
rysms are formed. Dilatation of the aorta 
may be localized or may involve long, con- 
tiguous segments. Aneurysms are common 
and frequently alternate with aortic nar- 
rowing. Skip areas of aortic involvement 
are very characteristic for this type of 
arteritis. 

The clinical manifestations are com- 
monly subdivided into a systemic pre- 
pulseless and late pulseless phases. Non- 
specific generalized signs and symptoms of 
the early phase are: malaise, arthralgias, 
myalgias, pleurisy, hemoptysis, chest and 
abdominal pain, skin rashes, etc. 

The late pulseless phase is characterized 
by ischemic signs and symptoms secondary 
to arterial occlusions. Bruits over the af- 
fected vessels are audible and heart mur- 
murs (usually transmitted) are common. 
Occlusion or stenosis of the brachio- 


* Presented as a Scientific Exhibit at the Seventy-fifth Annual Meeting of the American Roentgen Ray Society, San Francisco, 


California, September 24-27, 1974. 


From the Department of Radiology, New York Medical College—Metropolitan Hospital Center, New York, New York. 
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cephalic vessels may give rise to a variety 
of cerebrovascular and visual manifesta- 
tions. Due to coarctation of the suprarenal 
aorta or renal artery stenosis, renovascular 
hypertension is common. Narrowing of the 
infrarenal aorta may cause claudication of 
the lower limbs. 

According to recent reviews, the pre- 
pulseless phase of Takayasu’s arteritis is 
rarely recognized. The presenting signs 
and symptoms are usually of the late oc- 
clusive variety. 

. & f 

Takayasu’s arteritis has no geographic 
bounderies. It is mainly a disease of young 
women (female to male ratio about 8:1). 
Although it is reported as early as three 
and as late as 75 years of age, the majority 
of the patients is between the age of eleven 
and 30 at the time of diagnosis. Its etiology 
is not clearly understood, but it is generally 
accepted to be an auto-immune disease. 

The incidence of Takayasu’s arteritis in 
the United States is apparently much 
higher than generally suspected. It has 
been estimated that there are several 
hundred thousand people in the United 
States with asymptomatic lesions of Taka- 
yasu’s arteritis and in many symptomatic 
patients, the etiological nature of the dis- 
ease remains unrecognized.® Recognition of 
the plain roentgenographic findings, there- 
fore, is of primary diagnostic importance. 





Fic. 1. A 28 year old female. Note prominence of the 
ascending aorta and contour irregularities of the 
descending aorta. Aortography showed typical 
changes of Takayasu’s arteritis with involvement 
of the descending thoracic and entire abdominal 
aorta, and occlusion of both subclavian arteries. 


Chest Roentgenography in Takayasu’s Arteritis 





Fic. 2. An 18 year old female. Hypertensive with a 
two vear history of headaches, blurred vision, 
dizziness, and occasional syncope. Note the prom- 
inence of the ascending aorta, undulation of the 
descendirg aorta with a constriction of subisthmic 
region, simulating congenital isthmic coarctation, 
Aortography showed widespread involvement of 
the aorta and its branches. 


A radiclogist, familiar with the natural 
history of the disease and the roentgeno- 
graphic findings as observed at plain chest 
roentgenozraphy, plays a crucial part in the 
diagnosis of this entity. 


CHEST ROENTGENOGRAPHIC 
MANIFESTATIONS 


Roentgenographic changes in the chest 
roentgenogram to be described are based on 
our experience with 25 cases of Takayasu’s 
arteritis and a review of the literature. 


AORTIC CHANGES 


Aortic alterations may be subdivided 
into three categories: (1). widening of the 
aorta; (2) contour irregularities of the de- 
scending aorta; and (3) aortic calcifications. 

Wideninz of the aorta: The ascending 
aorta is commonly involved in Takayasu’s 
arteritis, kut occlusive changes are not 
found in this portion.? Prominence is usu- 
ally due to prestenotic dilatation. In about 
ten to 20 percent of the patients, aortic 
valvular insufficiency may occur and con- 


Fic. 3. A 24 year old female. Hypertensive and vas- 
cular murmurs since age of ten. (4) Chest roent- 
genogram shows prominent ascending aorta and 
aortic arch which has two segmental calcifications. 
There is a marked decrease in vascularity of the 
right lung and overcirculation of the left lung. 
(B) Pulmonary angiogram shows a slight prom- 
inence of the main pulmonary artery. The right 
main pulmonary artery is markedly narrowed. 
Two slender arterial twigs supply isolated seg- 
ments of the right upper lobe and right lower lobe. 
There is hypercirculation of the left lung. 


tribute to the enlargement of the ascending 
aorta.” This is usually a functional insuffi- 
ciency secondary to a dilated aortic root. 
Direct involvement of the aortic valves is 
uncommon.? 

Widening may only be seen in the ascend- 
ing aorta, but quite often enlargement in- 
volves also the arch and descending aorta 
in contiguity (Fig. 1; 2; and 3). 

Contour irregularities of the descending 
aorta: Contour irregularities are the result 
of alternating narrowings and dilatations of 
the aorta or periaortic fibrosis, or both, 
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producing an undulant appearance of the 
descending aorta (Fig. 1; and 2). These 
changes can only be seen in a sufficiently 
penetrated film. If in doubt, oblique films 
and even tomography are recommended. 

Linear aortic calcifications: These may 
be seen in short or long segments of the 
aortic arch, descending or abdominal aorta 
(Fig. 34; and 4). They are usually dys- 
trophic in nature and are, as a rule, fine 
and pencil-like in outline. In some instances 
characteristic narrowing of the aorta is 
delineated by a segmental calcification 


(Fig. 4). 


PULMONARY ARTERIAL CHANGES 


Since Takayasu’s disease is a generalized 
arteritis, the large and intermediate pul- 
monary arteries are commonly involved in 
the process.’ Occasionally the pulmonary 
arteries may be the major site of the dis- 
ease.” Gross and histological changes in the 
pulmonary arteries are identical with those 
of the aorta and its branches. Arteritis of 
the pulmonary arteries can result in pul- 
monary hypertension, where the main 
pulmonary artery becomes prominent. 
Marked narrowings and occlusions of the 
intrapulmonary branches may be reflected 
in the chest roentgenogram as segmental or 
lobar hypervascularity, although this find- 
ing may be difficult to detect (Fig. 3, 4 
and B). 


RIB NOTCHING 


Subtle notching of the first three ribs may 
be an expression of subclavian artery oc- 
clusion. Notching of the lower ribs is usu- 
ally associated with severe narrowing or 
occlusion of the upper abdominal aorta 
with intercostal arteries serving as promi- 
nent collateral channels. Rib notching is 
not a common finding since many years are 
required for its development (Fig. 1). 


HILAR LYMPHADENOPATHY 


This is an extremely rare occurrence in 
this condition and has not been previously 
reported. We believe it is a part of sys- 
temic manifestation of Takayasu’s arte- 
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ritis, probably due to reactive hyperplasia 
(Fig. 5). 


DISCUSSION 


Although the diagnostic value of an 
isolated roentgenographic abnormality var- 
ies, the diagnostic accuracy is markedly 
increased when several findings are present 
simultaneously. 

The single most important diagnostic 
sign is segmental calcification outlining a 
localized or diffuse narrowing of the aorta 
(Fig. 4). 

An irregular and undulant outline of the 
aorta and linear calcifications are highly 
suggestive signs, especially when seen in a 
young woman. However, they become diag- 
nostic when combined with other findings. 





a 


Fic. 4. A 52 year old female. Hypertensive for 20 
years with headaches, palpitation, and dizziness 
for several years. On lateral chest roentgenogram 
gradual segmental narrowing of the distal thoracic 
aorta is outlined by linear calcifications. 


Chest Roentgenography in Takayasu’s Arteritis 
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Fic. 5. A 20 year old female. History of febrile illness 
associated with polyarthritis, cough and skin 
rash six months prior to aortography. Paresthesia 
and numbness of the right arm occurred two 
months before admission. Chest roentgenogram 
shows bilateral hilar lymphadenopathy. Total 
aortography was normal. Right subclavian angiog- 
raphy snowed smooth, tapered narrowing and oc- 
clusion of the axillary artery, typical of Taka- 
yasu’s arteritis. 


Notching of the lower ribs (usually sixth 
and below) is a highly suggestive sign. 

Dilatation of the ascending aorta, arch 
and the descending aorta in contiguity 1s 
suspicious, although it becomes highly 
suggestive in the presence of calcifications 
and is d agnostic when seen together with 
contour irregularities of the descending 
aorta or skipped areas of narrowing and 
dilatation. 

The large main pulmonary artery, areas 
of decreased pulmonary vascularity with 
segmental or lobar distribution, when seen 
alone, are not diagnostic, although Taka- 
yasu’s arteritis enters into the differential 
diagnosis. Changes in the pulmonary ves- 
sels should be looked for, however, in any 
known or suspected case of Takayasu’s 
arteritis, because of the common associa- 
tion of pulmonary arterial involvement in 
this disease. 


Yahya M. Berkmen, M.D. 
Departmert of Radiology 
Metropolitan Hospital Center 
1g01 First Avenue 

New York, New York 10029 
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ORIFICE-VIEW ROENTGENOGRAPHY FOR 
EVALUATION OF THE AORTIC VALVE* 


By PAUL D. STEIN, M.D., and HANI N. SABBAH, B.S. 
OKLAHOMA CITY, OKLAHOMA 


ABSTRACT: 


Plain orifice-view roentgenograms permit measurement of the area circumscribed 
by calcium in patients with heavily calcified aortic valves. The measurements relate 
well to the actual size of the orifice. Therefore, this roentgenographic technique 
serves in a practical fashion as a non-invasive method for the assessment of the 
severity of the aortic stenosis in such patients. During the injection of contrast 
material, orifice-view roentgenograms serve as a useful adjunct to standard aortog- 
raphy. Such views permit assessment of the valvular leaflets, size of the aortic ring, 


and the degree of stenosis. 


PATEN roentgenography of 
the aortic valve is a method for evalu- 
ation of the aortic valve by means of a 
roentgenographic projection which permits 
visualization of the valve as if one were 
looking directly into the orifice. This view 
is achieved by angling the roentgen-ray 
beam obliquely across the heart, approxi- 
mately from the right axilla to the left 
iliac crest.? Specifically, the beam of the 
roentgen ray is directed obliquely at a 
superior elevation of 45° with the patient in 
a supine position (Fig. 1). The method has 
been shown to be of value during the injec- 
tion of contrast material as an adjunct to 
standard aortography.?* It is also of value 
as a non-invasive, roentgenographic pro- 
cedure for the evaluation of the severity of 
aortic stenosis in patients with heavily 
calcified aortic valves.‘ 


BACKGROUND 


The projection of value for orifice-view 
roentgenography was determined by stud- 
ies of the position of the metallic annulus of 
prosthetic aortic valves? (Fig. 2). In 31 pa- 
tients it was shown that the aortic valve 
has a rightward tilt of 39+2 degrees 
(mean+SE). If the beam of the roentgen 
ray were projected obliquely across the 
heart at an angle of 45°, the projected 


diameter in the frontal plane would be 
within 95 percent accuracy in 94 percent 
of patients? (Fig. 3). This is based upon the 
following -rigonometric relation: 

Projected diameter 


= Actual diameter x cos A 


where A=angle by which projection at 45° 
differs fram a true perpendicular. For 
angles of error of 19° or less the projected 
diameter would be 95 percent of the actual 





Fic. 1. Position of roentgen-ray tube and film changer 
utilized for visualization of orifice of aortic valve. 
Tube is elevated 45° superiorly. Patient is supine. 


* From the Department, of Medicine, University of Oklahoma College of Medicine, and VA Hospital, Oklahoma City, Oklahoma. 


Supported by the VA Research Service. 
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Fic. 2. Roentgenograms of patient with Björk Shiley prosthesis. Films obtained in anteroposterior projection 
(left), lateral projection (center), and 45° superior elevation (right). In the anteroposterior projection, the 
annulus of the valve tilts rightward at an angle of 45° from the horizontal (dotted line). Film taken ob- 
liquely across the heart at an angle of 45° shows valve as if looking directly into orifice (right). 


diameter, since the cosine of such angles 
varies between .g§ and I. 

The aortic valve was shown to tilt 
anteriorly in 81 percent of patients and 
posteriorly in 19 percent of patients,” the 
average tilt being anterior at 10+ 3 (Fig. 4). 


FRONTAL PLANE 


Right 





Ftc. 3. Distribution of angle of error (A) in frontal 
plane. If all roentgenograms were taken at an 
oblique superior elevation of 45°, then the indi- 
cated angles would represent the deviation from a 
true perpendicular. 


With no elevation in the frontal plane, the 
projected diameter in this projection would 
be within 95 percent accuracy in 71 per- 
cent of patients and within go percent 
accuracy in 87 percent of patients.? A 
standard projection of 45° superior eleva- 


SAGITTAL PLANE 
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PROJECTED DIAM. 


Fic. 4. Distribution of angle of error (A) in sagittal 
plane. If the beam of the roentgen ray were not 
tilted either anteriorly or posteriorly then the in- 
dicated angles would represent the deviation from 
a true perpendicular. 
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Fic. 5. Normal aortic valves of two patients visualized by orific2-view aortograms. Both show triangular 
configuration of orifice during ejection. Right, orifice of each outlined for clarity. 


tion and no anterior elevation of the roent- 
gen-ray beam would, therefore, permit one 
to measure the cross-sectional area of the 
orifice of the aortic valve with 90 percent 
accuracy in 81 percent of patients.” 


Although the position of the valve in 
some patients differs from the normal, 
which would cause one to underestimate 
the size of the orifice by orifice-view roent- 
genography, one can avoid such an error by 
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Fic. 6. Patient with severe aortic regurgitation. Orifice assumes nearly circular configuration to accommodate 
high stroke volume. Right, orifice outlined for clarity (dotted lines). 


judging the orientation of the valve prior judged by the position of the calcium. In 
to making evaluations. During aortography all instances, calculation of the actual size 
by standard techniques (prior to orifice- must be made after appropriate compensa- 
view aortography) the orientation of the tion for amplification. 

valve is readily apparent. In patients with 

heavily calcified aortic valves, in whom URES ECVE BOR IIE RATES 

plain film orifice-view roentgenography is Aortograms obtained in the oblique pro- 
utilized, the orientation of the valve can be jection as described clearly delineate the 





Fic. 7. Orifice-view aortogram of aortic valve which appears to be 
bicuspid. Patient has coarctation of the aorta. 


VoL. 125, No. 4 


eee be n 
Sey 





Orifice-View Roentgenography 





', rr 
Y í 
NE re 


Fic. 8. Orifice-view aortogram of patient with critically severe aortic stenosis (right, orifice outlined for 
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clarity). Left, photograph of surgically excised valve. Size and configuration of orifice as it appears on 


aortogram were comparable to actual orifice. 


valvular leaflets and show the orifice during 
systole and diastole.? The triangular con- 
figuration of the leaflets during ejection as 
originally described by Leonardo da Vinci 
is readily recognized (Fig. 5). Previously 
unrecognized, however, is the fact that the 
orifice during ejection may assume a circu- 
lar configuration? (Fig. 6). This has im- 
portant physiological implications. It was 
shown that the size of the functional orifice 
is directly related to the stroke volume and 
rate of ejection of blood.3 The aortic valve 
does not appear to open fully with the low 
cardiac output associated with the resting 
state. This suggests that the decreased size 
of the orifice due to a stenosing lesion would 
have an effect only during states of high 
cardiac output. 

Aneurysmal enlargement of the valvular 
ring can readily be shown by orifice-view 
roentgenography.' Congenitally bicuspid 
valves can be identified (Fig. 7). Measure- 
ment of the extent of valvular stenosis is 
also possible by orifice-view aortography 


(Fig. 8). 


HEAVILY CALCIFIED AORTIC VALVES 


Plain orifice-view roentgenograms of pa- 
tients with heavily calcified aortic valves 
can show the orifice with striking clarity‘ 
(Fig. 9). The dimensions of the valvular 
orifice circumscribed by calcium as shown 
on such roentgenograms and the dimen- 


sions as shown on roentgenograms of the 
surgically excised and reconstructed valves 
were measured. Comparison showed a good 
correlation (r=.84).®° The orifice as circum- 
scribed by calcium would be expected to be 
somewhat larger than the actual orifice 
due to a small inner rim of non-calcified 
material. In spite of this, the area outlined 
by calcium was small enough to demon- 
strate a tightly stenotic valve of one cm? or 
less ir nine of twelve patients with heavily 
calcified valves which at surgery were 
proved to be critically stenotic (Table 1). 
In three of twelve patients, the area cir- 
cumscribed by calcium was 1.3 cm? to 1.7 
cm? and this indicated an orifice of reduced 
size, although the actual size of the orifice 
was shown to be smaller. By implication, 
therefore, a fully circumferential ring of 
calcium, shown on orifice-view roentgenog- 


TABLE I 


RESULTS OF PLAIN ORIFICE-VIEW ROENTGENOGRAMS 
IN I2 PATIENTS WITH CRITICAL 
AORTIC STENOSIS 


(Surgically excised valve <o.7 cm?) 








Arez Circumscribed No. ot 





s ; P 
ay Calcium Patients ESNE 
<0.7 cm? 6 of 12 50 
0.8 to 1.0 cm? 4 of 12 25 
it to 1.7 cm? 3 of 12 25 
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Fic. 9. Plain orifice-view roentgenogram of patient with heavily calcified aortic valve. Orifice, shown within 
the calcified valve, appears as an eccentric, elongated, radiolucent zone. For clarity, orifice is outlined by 
dots in duplicate illustration at right. The annulus is shown by arrows. Bottom left, excised aortic valve 
(same patient). Bottom right, roentgenogram of aortic valve (same valve). Radiopaque dots are placed at 


I cm intervals. The central radiolucent zone is the orifice. A nearly radiolucent (gray) rim of tissue is 
shown between the lumen and calcified region. 
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raphy, which defines an orifice of 1.7 cm? or 
less, indicates a critically stenosed aortic 
valve.’ 

The orifice-view technique requires at- 
tention to a variety of details in order to 
obtain satisfactory results. For the non- 
invasive evaluation of heavily calcified 
valves it has been found helpful to utilize 
fluoroscopy to distinguish the aortic valve 
from other radiodensities which may simu- 
late a calcified valve. Pulsations indicative 
of the calcified valye are identified by 
fluoroscopy. A radio-opaque marker is 
then placed on the skin over the projection 
of the valve, and orifice-view roentgeno- 
grams are obtained. Having identified the 
valve on such films, the roentgenograms 
are then repeated without the identifying 
marker. 

Compensation for magnification is read- 
ily accomplished after the position of the 
aortic valve is identified by anteroposterior 
fluoroscopy. Once the position of the valve 
is identified, the target-to-object and tar- 
get-to-film distance can be measured and 
appropriate ratios can be calculated.* If 
cine is to be utilized, a scale is positioned 


* Actual dimension = Apparent dimension 
target-to-object distance 


target-to-film distance 
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at the level of the valve. 

Since the amount ef tissue which must 
be penetrated in these oblique views is 
greater than either in the posteroanterior 
or lateral projection, high voltage genera- 
tors are desirable. Laminagrams may per- 
haps be of value, but they have not yet 
been utilized for this purpose. 


Paul D. Stein, M.D. 

VA Hospital 

921 NE 13th Street 
Oklahoma City, Oklahoma 
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ORIFICE-VIEW ROENTGENOGRAPHY OF THE 
i MITRAL VALVE* 


By PAUL D. STEIN, M.D., and HANI N. SABBAH, B.S. 
OKLAHOMA CITY, OKLAHOMA 


ABSTRACT: 


The mitral valve can be visualized as if looking directly into the valvular orifice 
by obtaining roentgenograms directed obliquely through the heart at a 25 degree 
superior elevation, with the patient rotated 6o degrees in the right anterior oblique 
direction. This view was based upon trigonometrical calculations of the spatial orien- 
tation of the annulus of prosthetic mitral valves in 25 patients. Calculations based 
‘upon measurement in these patients indicate that the area of the orifice of the mitral 
valve can be shown with less than ten percent error due to distortion of the projected 
image in 80 percent of patients. During the injection of contrast material into the 
left ventricle, orifice-view roentgenograms serve as a useful adjunct to standard 
ventriculograms. Such views permit assessment of the size of the mitral annulus 
and the degree of stenosis. Plain orifice-view roentgenograms of heavily calcified 
mitral valves permit measurement of the area circurnscribed by calctum in such 
patients. The measurements indicate an upper limit of the possible size of the func- 
tional orifice. Therefore, this roentgenographic technique serves in a practical 
fashion as a non-invasive method for the assessment of the severity of mitral stenosis 


in such individuals. 


THS; purpose of this communication is 
to describe a roentgenographic tech- 
nique for visualization of the mitral valve 
as if one were viewing it by looking directly 
into the orifice. This permits one to mea- 
sure the mitral orifice area irrespective of 
the presence or severity of the stenosis. 
The equipment necessary for this technique 
is readily available in many cardiac cath- 
eterization laboratories. In patients with 
heavy circumferential deposits of calcium, 
the technique can be utilized non-invasively 
to assess the upper limits of the functional 
orifice area. 


METHOD 


PRELIMINARY STUDIES IN PATIENTS WITH 
PROSTHETIC MITRAL VALVES 
Patients with prosthetic mitral valves 
served as standards for the determination 
of the spatial orientation of the annulus of 
the mitral valve. Since the ring of a pros- 
thetic valve is metal, and therefore radio- 


paque, it was possible to determine the 
spatial orientation of the ring of the mitral 
valve from calculations based upon its 
position in plain frontal and lateral roent- 
genograms. 

In the frontal plane (Fig. 1), the direc- 
tion of flow through the orifice of the mitral 
valve is inferiorly and to the left. The orifice 
tilts at an angle, a, such that projections of 
the diameter of the orifice on the vertical 
axis (y) and on the horizontal axis (x) de- 
scribe an angle, the tangent of which is 
y/x. That is, tan a= y/x. 

In the sagittal plane, flow through the 
orifice is directed anteriorly and inferiorly. 
Projections of the diameter of the orifice 
upon the vertical axis (y) and upon the 
anteroposterior axis (z) describe an angle $, 
the tangent of which is y/z. Therefore, tan 
B=y/z. 

The position of the orifice of the mitral 
valve in the transverse plane (Fig. 1) can 


‘be calculated on the basis of the angles 


* From the Department of Medicine, University of Oklahoma College of Medicine, and Veterans Administration Hospital, Okla- 


homa City, Oklahoma. 
Supported by the V. A. Research Service. 
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Fic. 1. Diagrammatic illustration of spatial orientation of mitral valve in frontal, sagittal, and transverse 
planes. In order to visualize the orifice, the roentgen-ray beam should be elevated superiorly at an angle of 
(90-a) degrees in the frontal plane. The patient should be rotated at an angle of (go-y) degrees in order to 
view the valve perpendicularly in the transverse plane. 


FRONTAL PLANE 


RIGHT “O LEFT 





Fic. 2. Distribution of angles in frontal plane which were shcwn to be normal to the annulus of prosthetic 
mitral valves of 25 patients. If the roentgen-ray beam was routinely elevated 25 degrees, then a perpendicu- 
lar to the orifice in each patient would differ from 25 degrees by an angle A. The projected diameter of the 
orifice would equal the actual diameter times cos A. 
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Fic. 3. Distribution of angles in transverse plane which were shown to be normal to the annulus of prosthetic 
mitral valves of 25 patients. If the patient was routinely rotated 60 degrees, then perpendiculars to the 
valve in this plane would differ from 60 degrees by an angle A. The projected diameter of the orifice would 


equal the actual diameter times cos A. 


which described its tilt in the frontal and 
sagittal projections. In the transverse 
plane, flow through the mitral valve is 
directed anteriorly and to the left at an 
angle y, the tangent of which is z/x. That 
is, tan y=2/x. Since y=x tan a, and y=z 
tan 8, then z/x=tan a/tan 8. Therefore, 
the anterior and leftward tilt, y, can be 
determined from the angles of the tilt in 
the frontal and sagittal planes. 

For visualization of the mitral orifice 
without distortion, the beam of the roent- 
gen-ray should be perpendicular to the 
plane of the orifice of the valve. To accom- 
plish this, the tube should be elevated su- 
periorly at an angle of (go—a) degrees, 
and the patient should be rotated counter- 
clockwise (or the tube rotated clockwise) 
by an angle (go— y) degrees. Calculations 


in these patients with mitral prosthetic 
valves were made to determine the value 
of angles a and y. 

Frontal chest roentgenograms (usually 
posteroanterior) were available in 25 pa- 
tients with prosthetic mitral valves. The 
angle of flow into the orifice (the angle per- 
pendicular to the orifice) is shown in these 
patients (Fig. 2). It was 27+3 degrees 
(mean+SD). If the roentgen-ray beam rou- 
tinely were directed obliquely across the 
chest at an angle of 25 degrees in the frontal 
plane, then a true perpendicular to the 
valve would differ from 25 degrees by an 
angle A. The projected diameter would 
equal the product of the actual diameter 
times cos A (Fig. 2). With an oblique frontal 
plane projection of 25 degrees, the projected 
diameter would differ from the actual di- 
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Fic. 4. Projection utilized for orifice-view of mitral valve. The roentgen-ray beam was elevated 25 degrees 
superiorly from the horizontal. The patient was rotated 60 degrees in the right anterior oblique direction. 





ameter by ten percent or less in 24 of 25 the transverse plane was calculated from 
patients (96 percent), and it would differ anteroposterior and lateral roentgenograms 
by twelve percent in one patient. in 25 patients (Fig. 3). It was 55+4 de- 

The angle of flow into the mitral valve grees. If the patients routinely were rotated 
(the angle shown as go°-y in Fig. 1) in counterclockwise 60 degrees, the projected 








Fic. 5. Metal annulus of prosthetic mitral valve (porcine xenograft) shown in frontal plane (left), 
sagittal plane (center), and at orifice-view projection (right). 
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Fic. 6. Cineventriculogram of two patients showing orifice of mitral valve during ventricular filling. 
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(Orifice of each outlined at right.) Top, orifice area 4.3 cm?. Bottom, orifice area 4.6 cm?, 


diameter in the transverse plane would 
differ from the actual diameter by ten per- 
cent or less in 21 of 25 patients (84 per- 
cent). In three patients, the projected 
diameter in this view would differ by twelve 
to 20 percent; and in one patient it would 
differ by 34 percent. This rotation of 60 
degrees showed the diameter of the mitral 
valve in the transverse plane with the 
smallest error due to projection in most pa- 
tients, although the magnitude of the 
error in occasional patients is higher than 
it would be with a smaller rotation. 

These calculations, based upon the spa- 
tial orientation of the sewing rings o 
prosthetic mitral valves, showed that the 
orifice of the mitral valve can be visualized 
in most patients with the least distortion 
if the roentgen-ray beam were angled 


obliquely across the heart 25 degrees 
superiorly in the frontal plane with the pa- 
tient rotated counterclockwise 60 degrees 
(Fig. 4). Measurements of the cross-sec- 
tional area would be less accurate than 
measurements of a single diameter, because 
errors due to projection of both the major 
and minor dimensions would be multiplied. 
Even so, this orifice-view projection of the 
mitral valve would permit measurement of 
the cross-sectional area with at least go per- 
cent accuracy in 80 percent of patients (20 
of 25 patients). 

The ring of a prosthetic mitral valve 1s 
shown in the frontal and sagittal projec- 
tions, and at the orifice-view projection 
described above (Fig. 5). Calculations of 
the actual size were made after appropriate 
compensation for amplification, On cut 
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Fic. 7. Orifice-view ventriculogram of patient with mitral stenosis. Right, orifice outlined for clarity. Area 
of mitral orifice measured from orifice-view roentgenogram was ¢.6 cm*. Estimated area of valve at surgery 


was I.0 cm?, 


films, this was accomplished by multiplica- 
tion of the apparent diameter by the ratio 
of the target-to-object distance divided by 
the target-to-film distance. On cineventricu- 
lograms, a scale was placed at the position 
of the mitral valve. 


ORIFICE-VIEW VENTRICULOGRAPHY 


Most ventriculograms were performed on 
35 mm cine film at 30 frames per second 
during the injection of 40 ml of 75 percent 
sodium and meglumine diatrizoates at a 
rate of 10 ml/sec. Films were pulsed at 10 
msec durations at 125 kV and 230 ma. A 
nine inch image intensifier (North Ameri- 
can Philips, Long Island, N. Y.) was 
utilized with a 1,000 ma generator. Some of 
the ventriculograms of patients with mitral 
stenosis were recorded on 14 inch by 14 
inch films taken at a rate of four per second 
on an Elema Schénander (Mount Prospect, 
Ill.) rapid film changer. Such films were 
obtained with an exposure time of 0.10 sec 
at 80 to 130 kV and S00 ma. 


Orifice-view ventriculograms showed the 
outline of the mitral valve as the rapid 1n- 
flow cf blood displaced contrast material 
within the ventricle. The orifice of the 
mitral valve occupied much of the cross- 
sectional area of the ventricle of patients 
with normal valves (Fig. 6). The mitral 
orifice appeared ellipsoidal. 

The outline of stenotic orifices can be 
shown wich clarity by the jet of blood en- 
tering the opacified ventricle (Fig. 7; and 
8). Rigid valves could be shown with open- 
ings both in systole and diastole (Fig. 8). 
The size cf the stenosed orifices, as judged 
by cineventriculograms, was comparable 
to the orifice as measured directly on the 
excised valve (Fig. 8). 

The posterior papillary muscle may sim- 
ulate a stenotic orifice. Confusion can be 
avoided by being careful to measure the 
area of the mitral orifice during diastole. 
At this time the posterior papillary muscle 
is not apparent. During systole, the orifice 
of stenotic valves usually is inapparent, 
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Fic. 8. Frame of orifice-view cineventriculogram showing stenotic orifice during diastole (top left), and 
systole (top right). Area of orifice during diastole measured on cineventriculogram was 1.5 cm?. Area cir- 
cumscribed by calcium on excised valve (bottom right) was 0.9 cm?. Functional orifice area (bottom left), 
as measured from photograph of excised valve, was 0.7 cm?. 


and the posterior papillary muscle is 
visualized as a radiopaque circle. 

In one patient with tight mitral stenosis, 
the mitral orifice appeared normal. In 
retrospect, the injection of contrast ma- 


terial into the left ventricle was in the out- 
flow tract of the ventricle near the aortic 
valve. It would seem that streaming of 
contrast material simulated a normal 
orifice. 
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Fic. 9. Plane orifice-view roentgenogram of heavily calcified mitral valve. Opaque marker (x) was positioned 
on chest during fluoroscopy in order to identify orifice. Area circumscribed by calcium was 0.9 cm?. Area 
of orifice calculated by hydraulic equation? was 1.0 cm?. Right, orifice outlined by dots, and rim of calcium 


indicated by arrows. 


PLAIN ORIFICE-VIEW ROENTGENOGRAMS OF 
HEAVILY CALCIFIED MITRAL VALVES 


Plain orifice-view roentgenograms of pa- 
tients with heavily calcified mitral valves 
were obtained at an approximate exposure 
time of .10 sec at S00 ma and 100 kV. A 
grid cassette with high-speed screens was 
utilized. 

The area circumscribed by calcium rep- 
resents the maximum possible size of the 
functional orifice. Since a rim of non- 
calcified fibrous tissue would be expected 
between the functional orifice and the 
calcified ring, the functional orifice of the 
valve would be smaller than the area cir- 
cumscribed by calcium. The area circum- 
scribed by calcium was measured in five 
patients with calcific mitral stenosis (Fig. 
9; and 10). This area ranged between 0.8 
cm? and 1.3 cm?, which itself represents 
tight mitral stenosis. In one patient the 
valve was excised intact during surgery, 
and comparisons of the area circumscribed 


by calcium on orifice-view roentgenograms 
were made with the actual functional ori- 
fice area, and with the area circumscribed 
by calcium on the excised valve (Fig. 10). 


DISCUSSION 


Visualization of the mitral valve at this 
orifice-view projection gives information 
related to the size of the mitral orifice that 
is not apparent from standard ventriculo- 
grams. Mitral stenosis can be recognized 
on lateral or oblique ventriculograms by 
the presence of a diaphragm and constric- 
tion of the stream flowing into the ventri- 
cle.! However, measurement of the orifice 
on such films is usually made in only one 
projection,’ and therefore is only approxi- 
mate. Mitral regurgitation is not well ap- 
preciated on orifice-view ventriculograms. 
Therefore, it would seem that orifice-view 
ventricu-og-ams would be of supplemen- 
tary value to previously established pro- 
jections. 
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Fic. 10. Orifice-view roentgenogram of heavily calcified mitral valve (right). Orifte was identified by radio- 
paque marker (o) during fluoroscopy. Area circumscribed by calcium was 1.3 cm?. Excised valve is shown 
at left. Functional orifice area was 0.5 cm?. Roentgenogram of excised valve is shown at center. Some of the 
heavily calcified tissue was not included with this specimen. Area inscribed by calcium (extrapolating for 


missing segment) was 1.3 cm’, 


The size of the functional mitral orifice 
can be measured from orifice-view roent- 
genograms, irrespective of the severity of 
narrowing. Since hydraulic equations re- 
quire the measurement of a gradient across 
the valve, which occurs only after the 
orifice has narrowed considerably,’ this is 
a potential advantage. Patients with mild 
narrowing of the valve may be identified by 
this method. Regurgitant flow does not 
interfere with the orifice-view roentgeno- 
grams of mitral valves. It does interfere, 
however, with hydraulic calculations of the 
area of the orifice because the magnitude 
of regurgitant flow cannot readily be cal- 
culated. 

Incomplete opening of the mitral valve, 
due to a low stroke volume, presumably can 
simulate a small orifice. The size of the 
functional orifice of aortic valves has been 
shown to be dependent upon flow,! and it is 
likely that this is true of mitral valves. 
Eddies in the periphery of the inflow jet 
through the mitral valve presumably can 
simulate a larger than actual orifice. Even 
so, in the majority of patients, this method 
of visualization of the mitral valve appears 
to give useful information regarding the 
size of the mitral orifice and the motion of 
the leaflets. 

As would be expected, some patients are 
too large to permit penetration of the 
roentgen-ray beam on a diagonal line across 
the chest. Adequate amounts of contrast 


material within the ventricle are also re- 
quired. The orifice can best be visualized 
if the injection of the contrast material is 
near the mitral valve or well within the 
cavity of the left ventricle. 

For the non-invasive evaluation of heav- 
ily calcified valves, it has been found help- 
ful to utilize fluoroscopy to distinguish the 
calcified mitral valve from other radio- 
densities which may simulate a calcified 
valve. Pulsations indicative of the calcified 
valve are identified by fluoroscopy, and 
a radiopaque marker is placed on the skin 
over the projection of the valve. Then 
orifice-view roentgenograms are obtained. 
Having identified the valve on such films, 
the roentgenograms are then repeated with- 
out the identifying marker. 

The orifice-view projection described in 
this study enables one to measure the area 
of the mitral orifice in 80 percent of pa- 
tients with less than ten percent error due 
to distortion of the projected image. How- 
ever, occasional patients show significant 
distortion of the image at this projection. 
A more advantageous projection in such 
patients perhaps could be selected if the 
spatial orientation of the valve were esti- 
mated during standard  cineventriculo- 
grams, which may sometimes be possible. 
During the plain roentgenographic evalu- 
ation of heavily calcified valves, the orien- 
tation of the calcified annulus can be de- 
termined from the posteroanterior and 
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lateral roentgenograms, and the beam of 
the roentgen-ray can be positioned per- 
pendicular to the ring. Therefore, in the 
occasional patient with an unusual orienta- 
tion of the calcified mitral valve, a more 
advantageous projection can be selected. 

The mitral orifice can also be shown non- 
invasively by two-dimensional echocardi- 
ography.’ Heavily calcified mitral valves, 
however, may not be visualized by two- 
dimensional echocardiography;* whereas, 
heavy circumferential deposits of calcium 
are necessary for the non-invasive roent- 
genographic evaluation of the valve. In 
this regard, the techniques may be comple- 
mentary. 

Orifice-view roentgenography has been 
utilized for evaluation of the aortic valve.* 
In patients with heavy circumferential de- 
posits of calcium around the aortic valve, 
orifice-view roentgenograms have been 
shown to be useful for the non-invasive 
evaluation of the severity of calcific aortic 
stenosis.’ The projection required for vis- 
ualization of the aortic orifice differs from 
that required for visualization of the mitral 
orifice. 


Paul D. Stein, M.D. 

V. A. Hospital 
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Oklahoma City, Oklahoma 73104 
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THE RECONSTRUCTED ESOPHAGUS* 


By OND CALENOFF, M.D., and JOSEPH NORFRAY, M.D.f 
CHICAGO, ILLINOIS 


‘ABSTRACT: 


-Reconstruction of the esophagus has been used for more than half a century. 
Benign as well as malignant diseases are treated in this manner. Viscera used for 
reconstruction are: colon, jejunum, and stomach. The different modalities of surgical ` 
intervention have been briefly summarized. Complications have been enumerated 
-with the major ones stressed in more detail. 

The exact nature of surgical procedure should be known before attempting to 
evaluate roentgenologically a reconstructed esophagus. Preoperative roentgen evalu- 
ations, including barium study and angiography, are indicated for better postopera- 
tive results. Postoperative roentgen studies are needed to detect most of the post- 


operative complications. 


RE ORATION of a poorly functioning 
or an obstructed esophagus has been 
the. aim of surgeons for the past seven 
decades. Only since the advent of anti- 
biotics, however, has visceral replacement 
of.the esophagus become more successful. 
In contrast to gastrostomy, a palliative 
measure only, a reconstructed esophagus 
can offer to the patient a relatively normal 
existence by preserving the essential plea- 
sures of eating and drinking. 

The task of reconstructing the esopha- 
gus, by using other viscera, is not simple 
and many criteria have to be fulfilled before 
a neo-esophagus is declared properly func- 
tioning. There must be normal swallowing, 
“normal” vomiting, no significant reflux, 
no dumping, no anemia, no diarrhea, and 
no malabsorption. The reconstructed 
esophagus should not be digested by hydro- 
chloric acid, or by duodenal or jejunal con- 
tents. 

Six terms are currently used to desig- 
nate these procedures: esophageal bypass, 
colon interposition, esophageal transplant, 
esophageal reconstruction, neo-esophagus, 
esophagoplasty. Although indicating a re- 
construction of the esophagus, these terms 
do not specify the exact nature of the pro- 
cedure. 


The purpose of this communication is: 
(1) to.summarize the different surgical 
modalities; and (2) to review the complica- 
tions which may occur in conjunction with 
a reconstructed esophagus. This hopefully 
will make the roentgenological evaluation 
of such patients more meaningful. 


INDICATIONS FOR RECONSTRUCTION 


The indication for reconstruction of the 
esophagus is, in general, a poorly function- 
ing or an obstructed esophagus. 

In infants and children indications ‘are: 
atresia of the esophagus with or without 
fistula; stricture following chemical burn; 
and esophageal varices with extrahepatic 
obstruction.®1%1® Tn adults, the esophagus 
may be reconstructed for the following 
benign conditions: achalasia; scleroderma; 
benign tumors; benign esophageal fistula; 
and strictures following instrumentation, 
nasogastric tube placement, chemical 
burns, or peptic esophagitis.#:7:1 

Cancer of the esophagus, however, ap- 
pears to be the most common lesion 
treated today by esophageal reconstruc- 
tion.4*4 


SURGICAL MODALITIES 
A brief review of the historical develop- 


* From the Department of Radiology, Northwestern Memorial Hospital, and The McGaw Medical Center of Northwestern Uni- 


veraity, Chicago, Illinois. 


tł Present Address: Department of Radiology, Henrotin Hospital, Chicago, Illinois. 
864 


VoL. 125, No. 4 


ment of the different modalities of recon- 
struction of the esophagus brings out the 
controversy surgeons have had in choosing 
the viscus or the location for reconstruc- 
tion. Early the reconstructed esophagus 
was placed subcutaneously on the anterior 
chest wall. In an attempt to overcome tech- 
nical problems, various viscera were used: 
a skin tube by Bircher in 1894; the jejunum 
by Roux and Herzen in 1907; the large 
bowel by Vulliet and Kelling in 1911; and 
the stomach by Kirschner in 1920.71 In the 
past two decades, stomach, jejunum, and 
colon have been used to reconstruct the 
esophagus, but the reconstruction 1s usually 
performed in the anterior mediastinum. 

There are now three established locations 
where the esophagus can be reconstructed: 
(1) subcutaneously on the anterior chest 
wall; (2) in the anterior mediastinum, in 
the retrosternal space; and (3) intra- 
thoracically and intrapleurally in or about 
the esophageal bed. Viscera used today are 
segments of stomach, small bowel, or colon. 
The procedures utilized today for recon- 
struction are given in Table 1. 


TABLE [Í 


SURGICAL PROCEDURES FOR RECONSTRUCTION 
OF THE ESOPHAGUS 


1. Use of Colon 
Right colon in isoperistaltic position with terminal 
ileum?’ 
Right colon in isoperistaltic position without 
terminal ileum and cecal pole®®18 
Right colon in antiperistaltic position with the 
terminal ileum preserved or interposed?” 
Transverse colon in isoperistaltic position!®!5.? 
Left colon in isoperistaltic position? *2 
Left colon in antiperistaltic positiont 18:20:24 
2. Use of the Jejunum 
Esophagojejunogastrostom y?7 
Esophagojejunoduodenostomy?"® 
Esophagojejunostomy* 
3. Use of Stomach 
Reversed gastric tube” 810 
4. Location for Reconstruction 
Subcutaneous (anterior chest wall)*'8 
Retrosternal (extrapleural)*>'5 8 


Posterior (in the esophageal bed or intrapleu- 
ral)24.7-9 
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Fic. 1. Barium swallow examination of an 87 year 
old woman who had carcinoma of the esophagus 
resected with reconstruction using the right colon 
with the terminal ileum preserved. The proximal 
anastcmosis (small arrows) is end-to-side, as is the 
distal anastomosis, high on the lesser curvature, 
close to the fundus (large arrow). The patient re- 
ceived postsurgical super voltage irradiation and 
died six months later from bronchopneumonia. 
(Courtesy Stefan Arnon, M.D., University of 
California at Davis.) 


By far, the most popular organ used for 
esophageal reconstruction is the colon. The 
colon offers an adequate length, good mar- 
ginal blood supply, and a resistance to 
digestion by hydrochloric acid. The right 
colon, with or without the terminal ileum, 
is used by most surgeons. The right colon is 
easily mobilized, and its adequate blood 
supply is provided by the middle colic 
artery. The right colon with the preserved 
termina. ileum is used in an isoperistaltic 
manner in order to prevent reflux (Fig. 1; 
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Fic. 2. Barium swallow examination on a 70 year old 
man who had a squamous cell carcinoma of the 
esophagus just above the hiatus. The right colon 
was used in isoperistaltic fashion for reconstruc- 
tion. The terminal ileum (arrows) was preserved 
and an end-to-end anastomosis with the remaining 
cervical esophagus was done. Note the ileocecal 
valve and the cecal pole. 


2; and 3). When the terminal ileum is used 
to anastomose to the cervical esophagus, 
its small caliber has the advantage of being 
able easily to cross the thoracic inlet (Fig. 
1; and 3). Having the same caliber as the 
remaining cervical esophagus, the ileum 
permits an easy end-to-end anastomosis.!® 
The upper anastomosis can also be per- 
formed by using the right colon with the 
terminal ileum or cecal pole, or both, 
resected and discarded shortly before the 
anastomosis (Fig. 4, 7 and £).°:° The ration- 
ale for the latter procedure is that the 
cecum, the ileocecal valve and the terminal 
ileum are supplied by the ileocecal artery 
and its very small branches which have 
poor anastomoses with the major arcades. 
Frequently the cecal pole is too thick for a 
good cervical anastomosis. 

When the right colon is used in the anti- 
peristaltic fashion, the cecal pole and 
terminal ileum are preserved with the 
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terminal ileum anastomosed to the stom- 
ach. A segment of ileum or jejunum can be 
interposed so that the cecum is anasto- 
mosed to the stomach, with the ileocecal 
valve functioning as a “cardia.” 

The upper anastomosis is performed 
above the thoracic inlet in an end-to-end or 
end-to-side manner.” The colon used for 
reconstruction is placed on the anterior 
chest wall subcutaneously in patients with 
cancer, or in poor risk patients able to 
tolerate only a min:ngal surgical procedure. 





Barium swallow examination of a 63 year old 
man who had a carcinoma of the mid esophagus 
resected and reconstructed by use of the right 
colon with cecal pole and terminal ileum pre- 
served. Note the end-to-end upper anastomosis 
(arrows). 


FIG; 3; 
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Fic. 4. (4 and B) Barium swallow examination of a 49 year old woman who two years earlier had esophageal 
reconstruction for a stricture of the distal esophagus. The right cclon was used in an isoperistaltic fashion; 
the terminal ileum was resected. An end-to-end cervical esophagus-cecal anastomosis was done. One 
month after surgery, she developed a stricture at the anastomosis (large arrows). The stricture was subject 
to repeated dilatations. These roentgenograms show barium retamed due to the redundancy of the colon 
used for reconstruction. Note the left upper lobe tuberculous cavity (white arrowheads). 


The next preferred route is the retrosternal. 
Finally, the colon can be used to recon- 
struct the lower esophagus in the eso- 
phageal bed. The colon should be as 
straight and as short as possible to avoid 
kinks and to prevent further obstruction.® 
There is no need to use a long and redun- 
dant colonic segment in children with the 
idea that it will be needed when the child 
grows. The colon used for reconstruction 
grows together with the patient.‘ 

The lower anastomosis is usually placed 
high on the lesser curvature of the stomach 
(Fig. 1; and 5, 4 and B). A vagotomy and 
pyloroplasty are necessary to prevent gas- 
tric dilatation and retention of excessive 
amounts of secretion and food. 


The use of the transverse colon (Fig. 6) 
is Justified by the fact that the left colic 
artery 1s 2-4 mm wide from its origin to the 
marginal artery. There is also a good 
venous network considered to be very im- 
portant. The transverse colon can also be 
anastomosed proximally to a new esopha- 
gus and distally to the remaining segment 
of the lower esophagus thus preserving the 
cardia.’ 

Advocates of the use of the left colon,®2 
claim it has sufficient length, good blood 
supply, and a smaller caliber, closer to the 
size of the esophagus (Fig. 7). The pedicle 
is usually based in the middle colic artery” 
(Fig. 10, 4 and B). When used in the anti- 
peristaltic fashion, reflux may occur. 
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Fic. 5. (4 and B) Reconstructed esophagus in a 74 year old man who had a carcinoma of the lower esophagus. 
The lower esophagus and the proximal stomach were resected and a segment of right colon was interposed 
between the remaining esophagus and the remaining distal stomach. The upper anastomosis is end-to-end 
(small arrows), and the lower anastomosis 1s end-to-side (large arrows). The terminal ileum and the cecal 
pole of the used right colon have been resected prior to the anastomosis. The patient died two years later 


from brain metastases. 


Sigmoid colon has been used also as a 
free graft to reconstruct the pharynx.’ 
The inferior mesenteric artery 1s anasto- 
mosed to the external carotid artery and the 
vein to the internal jugular vein. 

Users of jejunum for reconstruction pos- 
tulate that it is the only organ devoid of 
inherent disease.2 Others, however, claim 
that the anatomical arrangement of the 
jejunal vessels fails to provide adequate 
vascularization for the length of the intes- 
tine needed in esophageal reconstruction."” 
Jejunum, first used 68 years ago for total 
esophageal reconstruction, is utilized today 
for replacement only of the distal esopha- 
gus.? A loop of jejunum may be interposed 


between the mid esophagus and the stom- 
ach after resection of the distal esophagus. 
After total gastrectomy and resection of the 
distal esophagus, the jejunum can be used 
as a link between the remaining mid 
esophagus and the duodenum or the jeju- 
num (Fig. 8; and g).° The stomach can 
also be bypassed with a direct anastomosis 
between the esophagus and the jejunum. 
The isolated jejunal loop is usually passed 
through the transverse mesocolon and it is 
anastomosed to the remaining esophagus. 
The continuity of the small bowel is main- 
tained by an end-to-end or end-to-side 
jejunojejunostomy. 

The stomach has been used for eso- 
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phageal reconstruction as long as §5§ years 
ago. The stomach is readily available, has 
an excellent blood supply, and adequate 
mobilization permits it to be brought into 
the anterior mediastinum or even under the 
skin. The use, however, of a tube fashioned 
from the greater curvature of the stomach 


A 





Fic. 6. Barium swallow examination of a 3 year old 
boy with esophageal atresia at birth. The mid 
transverse colon (large arrows) was used fcr recon- 
struction. Postoperatively there was a continuous 
fistula at the anastomosis (small arrows). The 
fistula closed spontaneously two months later. 
(Courtesy Stefan Arnon, M.D., University of 
California at Davis.) 
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Fic. 7. Reconstruction of the esophagus in a 53 year 
old man with a carcinoma. The left colon was used 
for reconstruction in the isoperistaltic fashion. A 
continuous fistula developed at the anastomosis 
soon after surgery (large arrows). The anastomosis 
was revised, but three months later (present exam- 
ination) the fistula was still present. Despite the 
fistula some barium will pass into the reconstructed 
esophagus (small arrows). 


is more attractive. In 1966, Heimlich® de- 
vised the reverse gastric tube operation. A 
pedicle tube about 30 cm long and 2.5 cm 
in diameter is constructed from the greater 
curvature of the stomach by using a sta- 
pling instrument. The gastric tube is re- 
versed and the antral end becomes the free 
end to be anastomosed to the cervical 
esophagus. The fundal end remains at- 
tached to the stomach. The gastric tube 
can be brought up subcutaneously, retro- 
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Fic. 8. Barium swallow examination performed on a 
61 year old woman who two years earlier had a re- 
section of the lower esophagus, total gastrectomy, 
and a reconstruction using a segment of jejunum 
interposed between the lower esophagus and the 
duodenum. Note the upper end-to-end anastomo- 
sis (small arrows) and the lower end-to-side 
anastomosis (large arrows). 


sternally, or intrathoracically. Usually no 
esophagectomy is performed. 


THE RESIDUAL ESOPHAGUS 


Opinions vary on what to do with the 
residual esophagus. They range from leav- 
ing the diseased esophagus in order to 
avoid a thoracoplasty in sick patients, to 
combining esophagectomy and reconstruc- 
tion, or radiation therapy, or both. Ong’ 
removes the diseased esophagus va the 
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abdomen through the hiatus. Griffiths and 
Shaw® give preoperative irradiation to 
lesions of the upper esophagus and larynx, 
followed by reconstructive surgery, or 
give a full course of postoperative irradi- 
ation therapy, or leave the esophagus in 








Fic. 9. A 65 year old man who had a carcinoma of 
the lower esophagus resected and reconstructed by 
an esophagojejunostomy. The barium swallow 
examination performed three months later shows 
a stricture of the lower esophagus (arrows). 
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Fic. 10. (4 and B) Subtraction roentgenograms from a selective superior mesenteric arteriogram in a 67 
year old man who had esophageal reconstruction for a carcinosarcoma. The distal transverse and all of 
the descending colon were used with a pedicle based on the middle colic artery (large arrows in 4). The 
marginal artery courses in the anterior mediastinum (small arrows in B). It terminates above the thoracic 
inlet, the site of the anastomosis. The blood supply in this case is normal. (Courtesy Harvey M. Goldstein, 
M.D. and Sidney Wallace, M.D., M. D. Anderson Hospital znd Tumor Institute, Houston, Texas.) 


place. Vincent and Webster” perform a 
descending colon esophageal reconstruction 
first, followed with radiation therapy, and 
then perform an esophagectomy. If the 
residual esophagus is left in situ, reflux 
esophagitis may develop and there is a 
greater chance that the patient may de- 
velop a carcinoma,"® even if the reconstruc- 
tion was performed for a nonmalignant 
condition. 


COMPLICATIONS 


In order to prevent unexpected complica- 
tions, the viscus to be used for reconstruc- 
tion must be examined with a barium study 
and preferably, with preoperative and post- 
operative angiography. It must be care- 
fully inspected during surgery. Thorough 
cleansing of the viscera and prior antibiotic 


support aso prevents some of the major 
complications. 

Complications following esophageal re- 
construction are listed in Table 11. They 
occur mainly in the immediate postopera- 
tive period, with the leading complication 
being leakage at the cervical anastomosis. 
If the patient survives the procedure and 
does not succumb because of the underlying 
neoplastic process, late complications can 
develop. Reflux is the leading late complica- 
tion. 

The incidence of disruption of the cervi- 
cal anastomosis with resulting subcutane- 
ous fistula is between 35 and 41 percent.’ 1° 
The major factor causing high incidence of 
fistulae is the tenuous blood supply to the 
reconstructed esophagus (Fig. 10, 4 and 
B). A sudden drop in blood pressure in the 
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Fic. 11. One week postoperative barium swallow examination in a 65 year old man who had a resection of 
the esophagus for a squamous cell carcinoma of the mid segment. (4) A fistula (small arrows) is demon- 
strated at the anastomosis between the cervical esophagus and the terminal ileum which together with the 
right colon were used for reconstruction. (B) Two months later the fistula was still present but a stricture 
of the esophagoileal junction has developed (large arrows). Note the end-to-side anastomosis with the 
esophagus brought forward (curved arrows). In spite of the fistula and the stricture, barium will pass 
through the reconstructed esophagus: ileum (small arrowheads) and cecum (large arrowheads). 


postoperative period for even a short period 
can cause temporary disruption of the blood 
supply around the upper anastomosis, 
causing thrombosis of vessels and a subse- 
quent fistula.!® Also, a narrow tunnel per- 


mits trauma to the vessels by the bony . 


thorax which can lead to fistula formation. 
Early leaks do not close spontaneously, 


and usually a second operation is neces- 
sary. The upper esophagus must be angu- 
lated anteriorly and around the trachea 
in order to meet the transplant, and this 
also accounts for fistula formation. Move- 
ment with every swallow interferes with 
healing and to minimize this, end-to-side 
anastomoses have been advocated.'® It has 
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been postulated that fistulae develop be- 
cause the esophagus lacks a protective 
serosal surface in the area of the anasto- 
mosis.” 

If the fistula occurs after the immediate 
postoperative period, it becomes a terrible 
nuisance, but usually subsides with time.?° 
If a fistula leaks into the mediastinum, 
death is unavoidable. 

Stricture of the cervical anastomosis de- 
velops in about 32 percent of patients 
having a reconstructed esophagus.’ It may 
follow healing of a fistula or may be unre- 
lated (Fig. 11, 4 and B). It may occur 
early or late. 

Another major complication is reflux of 
gastric contents into the interposed viscus 


TABLE II 


CoMPLICATIONS FOLLOWING ESOPHAGEAL 
RECONSTRUCTION 


I. Common 
(1) Early Postoperative 
Fistula at cervical anastomosis?:#+1016 
Stricture at cervical anastomosis? 913-15 
Gangrene of transplant? 13.15.16 
Gastric stasis!‘ 
(2) Later Complications 
Reflux! 4:10 
Stricture, (esophagojejunoduodenosto- 
my)?39 
Halitosis! 
Gastric stasis! 
Recurrent carcinoma (in the residual esoph- 
agus or stomach)!§ 
II. Rare 
(1) Early Postoperative 
Fistula of lower anastomosis!":3 
Mediastinitis*:16:20 
Pneumothorax!!6 
Perforation (spontaneous)! 
Aspiration (recurrent nerve injury)?" 
(2) Later Complications 
Radiation colitis® 
Peptic ulcer*:12-14,21 
Diverticulosis?! 
Duodenal contents reflux? 
Migration of abdominal colonic segment into 
the chest! 
Duodenal obstruction" 
Dysphagia!” 
Redundancy of colon with functional sten- 
osis!5»24 
Ulcer and bleeding of residual esophagus*:!® 
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Fic. 12. Berium swallow examination in a 36 year old 
man who had a reconstruction of the esophagus for 
a lye stricture eight cm long, located at the level 
of the aortic arch. Surgery was performed four 
years earlier. The patient now complains of 
aphagia, reflux, and vomiting. Note the location of 
the distal anastomosis (arrows). This, together 
with the absence of pyloroplasty, has resulted in a 
marked distention of the stomach with retention 
of food and fluid. (Courtesy Stefan Arnon, Uni- 
versity cf California at Davis.) 


(colon or jejunum) or into the remaining 
esophagus, particularly if no drainage pro- 
cedure was done, and if the lower anasto- 
mosis is close to the pylorus (Fig. 12). The 
use of an isoperistaltic loop and draining 
procedures minimize reflux.‘ Some degree 
of regurgitation is common after esophageal 
reconstruction and patients must learn to 
swallow properly. When colon is used the 
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Fic. 13. Barium swallow examination in a 63 year 
old woman who had the esophagus reconstructed 
for carcinoma four years earlier. The right colon 
and terminal ileum were used. At the time of 
examination, she complained of indigestion and 
occasional vomiting. The right colon has migrated 
from the abdomen into the chest and has become 
markedly redundant, and shows the retention of 
barium four hours after the barium swallow 
examination. 
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reconstructed esophagus contracts inde- 
pendently of both voluntary swallowing 
and cervical esophageal pressure. Mano- 
metric and cinefluoroscopic studies of the 
reconstructed esophagus when the left 
colon is used show that one-third of pa- 
tients have spontaneous peristalsis and all 
patients have peristalsis when the recon- 
structed segment is stimulated with o.1 
hydrochloric acid." 

Strictures secondary to reflux of intesti- 
nal content developed in patients with 
esophagojejunostomy.2"® Reflux of the du- 
odenal content is the most likely cause for 
the esophagitis and secondary stricture 


F 
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Fic. 14. Same patient as in Figure 2, two years later. 
The anastomosis between the stomach and the 
colonic segment is well seen (small arrows). The 
remaining two-thirds of the stomach (the fundus 
had been previously resected) show a diffuse in- 
filtrative process, narrow lumen and an ulceration 
(large arrows). Exploratory laparotomy showed 
a poorly differentiated ulcerated squamous cell 
carcinoma invading the posterior wall of the 
stomach. 
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Fic. 15. (4 and B) Chest roentgenograms of a 50 year old woman who six months before had a reconstruction 
of the esophagus using the right colon and terminal ileum. She had a squamous cell carcinoma of the mid 
esophagus which was previously resected. The air fluid levels (arrows) seen to the right of the heart and 
in anterior mediastinum are within the interposed colon used ‘or reconstruction. The extensive left pleural 
changes are secondary to empyema resulting from metastatic involvement of the pleura. Note multiple 


pulmonary metastases. 


(Fig. 9). Duodenal content can reflux into 
the esophagus if it is in direct anastomosis 
to the esophagus or if the interposed loop 
of jejunum is too short. 

Development of peptic ulcer in the recon- 
structed esophagus is rare, but very ful- 
minating.!” Only eleven cases have been 
reported." 

Diverticulitis of the reconstructed esoph- 
agus is rare and is avoided by having the 
colon examined with barium prior to sur- 
gery for determining the presence of di- 
verticula. Diverticular disease of the colon 
used for reconstruction can develop even 
if no diverticula were present prior to 
transplantation. This apparently results 
from the continuous ingestion of saliva and 
food which becomes a permanent stimulus 
for increase in intraluminal pressure and 
contraction of the colon." 

Migration of the abdominal part of the 
colon into the chest is an unpleasant com- 
plication." The migrated redundant colon 


located in the chest can cause a physiologic 
obstruction (Fig. 4; and 13). 

Recurrent carcinoma is usually a fatal 
complication. The carcinoma can recur in 
the remaining stomach (Fig. 14) or in the 
mediastinum (Fig. 15, 4 and B). 

Duodenal obstruction occurs when the 
vascular pedicle to the right colon is 
brought anterior instead of posterior to the 
duodenum and stomach when mobilized 
and taken to the chest. 


RESULTS 


In general, if no complication occurs fol- 
lowing escphageal reconstruction, there is 
an improvement in the patients’ condition. 
They can gain weight and can lead a normal 
life unless there is recurrence of the malig- 
nant process. In benign conditions, the re- 
construction of the esophagus can be very 
gratifying and is consistent with a long 
life span. The operative mortality is in the 
range of 7.5 percent for benign conditions 
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and about 25 percent for malignant dis- 
ease.!® Strict selectiqn of the cases can re- 
duce operative mortality to 20 percent.’ 


Leonid Calenoff, M.D. 
Department of Radiology 
Northwestern Memorial Hospital 
303 East Superior Street 
Chicago, Illinois 60611 
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THE ROENTGENOLOGIC INVESTIGATION OF 
CONGENITAL SUBGLOTTIC STENOSIS* 


By MICHAEL GRUNEBAUM, M.D. 


PETAH-TIQVA, ISRAEL 


ABSTRACT: 


Congenital subglottic stenosis, which is life-threatening to the infant, can be diag- 
nosed by the correlation of the clinical and the rozntgenologic findings. The main 
clinical sign is the persistence of stridor from birth. The indicative roentgenologic 
finding is a symmetrical narrowing of the subglottic segment which is constant in 
form and length during the various phases of the respiratory cycle. 

Two cases are presented, one confirmed by postmortem examination and the 
other by endoscopy. The etiology of this condition and the differential diagnosis are 


discussed. 


NTIL recently, congenital subglottic 
stenosis was considered a rare entity 
usually discovered only on necropsy by the 
pathologist. With the diagnostic tools now 
available, this disease can be recognized 
during life and the affected infant can be 
helped.1.?:4.6 
It is the purpose of this presentation to 
outline the roentgenologic approach and 
the roentgenologic signs which indicate 
congenital subglottic stenosis. 


METHOD 


The roentgenologic examination includes 
two phases: (1) A roentgenogram of the 
chest and neck on one film, using a high 
KV technique. Roentgenograms are ob- 
tained in two planes; (2) Fluoroscopy of 
the neck and mediastinum with spot films 
of the laryngeal and tracheal regions taken 
in the anteroposterior and lateral positions 
during inspiration and expiration. 


RESULTS 


On the chest roentgenograms and spot 
films, an air laryngogram is well visualized. 
This demonstrates a symmetrical narrow- 
ing of the subglottic region which is 2-3 
mm in width and extends for a length of at 
least 5 mm. The passage from the con- 
stricted segment to the _ extrathoracic 
trachea is abrupt and sharply outlined. 


This air column is centrally placed and 
cone-shaped, with its apex extending to the 
vocal cord region, and does not change in 
appearance during respiration. 

On fluoroscopy, during the inspiratory 
phase there is a marked distention of the 
hypopharynx by air with a widening of the 
mediastinal shadow. The reverse is ob- 
served during the expiratory phase of the 
respiratory cycle. As above, however, there 
is no change in the shape of the narrowed 
subglottic segment. 


REPORT OF CASES 


Case 1. A three month old female infant 
from birth had presented noisy breathing 
which became worse during crying. She was 
hospitalized because of increasing dyspnea. On 
admission a marked inspiratory stridor with 
severe dyspnea and sternal retractions was 
noted. Physical examination showed the lungs 
to be equally aerated with an inspiratory and 
expiratory wheeze. The remainder of the exam- 
ination was without pathological findings. 

The rcentgenologic investigation included 
chest-neck roentgenograms and fluoroscopy of 
the medizstinum with spot-films of the laryn- 
geal rezion. During inspiration there was widen- 
ing of the mediastinal shadow with distention 
of the hypopharynx. On the various spot-films 
obtained during the respiratory cycles and 
from different directions, an air laryngogram 
demonstrated a long, narrow segment in the 
subglo-tic region. In its proximal part, this air 


* From the Pediatric Radiology Unit, Beilinson Medical Center and the Td Aviv University Medical School, Petah-Tiqva, Israel. 


877 


878 





ta 


Fic, 1. Case 1. Spot films of the laryngeal region. (4) 
Inspiratory phase and (B) expiratory phase. 
Marked constant, symmetrical narrowing of the 
subglottic region (black arrow) with an abrupt 
transition from the narrow segment to the extra- 
thoracic trachea and a distended hypopharynx 
(above black star). 


column had a symmetrical cone-shaped appear- 
ance. Morgagni’s ventricle was preserved (Fig. 
1). On the basis of the roentgenologic findings 
as well as the history of stridor, a diagnosis of 
subglottic stenosis was made. 

Tracheal intubation performed because of 
increasing dyspnea brought immediate relief 
but during the night the tracheal catheter came 
out and respiratory arrest occurred. The infant 
was resuscitated, but expired soon after. 

Postmortem examination revealed a normal 
epiglottis, aryepiglottic folds and cricoid car- 
tilage. Beneath the true vocal cords, in the 
conus elasticus region, a symmetrical thicken- 
ing of the wall covered with mucosa was seen 
narrowing the airway for a length of 8 mm, 
leaving a lumen of I-2 mm in width. This tube- 
like formation, which was of a grayish-red 
color, was similar to a ring obstructing the air 
passage. The transition from the narrow seg- 
ment to the extrathoracic tracheal lumen was 
abrupt (Fig. 2). Microscopic examination of the 
thick wall segment in the conus elasticus region 
revealed an unusual mass of striated muscle 
separated by connective tissue beneath the 
mucosa encroaching on the lumen. 


Comment. The subglottic stenosis of con- 
genital origin was due to excessive muscle 
tissue. 


Case. A twelve month old male infant from 
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birth was known to have a “barking”? voice 
which was diagnosed as chronic laryngitis. He 
was hospitalized because of increasing dyspnea 
during an upper respiratory infection. 

The physical examination revealed a cyanotic 
infant with marked inspiratory stridor. Fine 
rales were heard over both lung fields. The re- 
mainder of the examination was negative. 

An extensive roentgenologic investigation 
disclosed a constant, symmetrically narrowed 
segment in the subglottic region (Fig. 3). On 
fluoroscopy, during inspiration the hypo- 


pharynx became distended, with a widening of 
the mediastinal shadow. Pneumonic infiltrates 
were spread throughout both lung fields. The 
roentgenologic findings were evaluated as being 
compatible with a subglottic narrowing com- 
plicated by a patchy pneumonia. 

The pneumonia responded to antibiotic 





Fic. 2. Case 1. Sagittal section through the larynx 
and the extrathoracic trachea. Morgagni’s ven- 
tricle appears normal. Severe concentric stenosis 
of the subglottic air-way with a sharp border be- 
tween the narrow lumen and the extrathoracic 
trachea. 
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treatment but the inspiratory stridor persisted. 
Repeat roentgenograms showed that the 
narrowing of the subglottic segment was still 
present. Endoscopy revealed that the entrance 
to the subglottic region was concentrically 
narrowed with smooth borders. The patient 
was subsequently hospitalized several times 
because of increasing stridor. During one of 
these hospitalizations elsewhere, a tracheost- 
omy was performed which improved the dys- 
pnea. The patient succumbed at home during 
an episode of pneumonia, and necropsy was not 
performed because of the family’s objection. 


Comment. Subglottic stenosis of congeni- 
tal origin with a superimposed pneumonia. 


DISCUSSION 


Roentgenologic investigation of the strid- 
ulous infant is today a sine qua non. 
Whereas instrumental examination, such 
as indirect or direct laryngoscopy, is always 
potentially dangerous in a patient having 
stridor of unknown origin,? roentgenologic 
investigation is a harmless procedure which 
can provide a great deal of information and 
can be of considerable assistance in estab- 
lishing the cause of stridor. 

There are two major origins of congenital 
subglottic stenosis: anomalies of the cricoid 
cartilage; or soft tissue anomalies in the 
walls of the conus elasticus in the sub- 
glottic region.® Case 1, in which the stenosis 
was due to an excess of striated muscle 
tissue beneath the mucosa, belongs to the 
latter category. The roentgenologic and 
endoscopic findings in Case 11 also favor 
this etiology. 

This condition can be diagnosed very 
early in life on the basis of the roentgeno- 
logic findings and should be suspected in 
any infant presenting a persistent inspira- 


TABLE I 


THE DIFFERENTIAL DIAGNOSIS OF CONGENITAL 
SUBGLOTTIC STENOSIS DURING INFANCY 








1. Hemangioma or lymphangioma 
2. Laryngeal or subglottic web 

3. Paralysis of the vocal cord 

4. Acute laryngotracheobronchitis 





Congenital Subglottic Stenosis 
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Fic. 3. Case 11. Spot films of the laryngeal region. 


(4) Ant2roposterior position and (B) lateral posi- 
tion. Narrow subglottic segment beneath the 
normal-appearing Morgagni’s ventricle (black 
arrow in 4); also well visualized in the lateral 
position (black arrow in B). The hypopharynx is 
distended with air (above black star). 


tory stridor, as is demonstrated in the 
above two cases. It should be noted that the 
fluoroscopic finding of a widening of the 
mediastinal shadow during the respiratory 
phase is not pathognomonic of this entity, 
but indicates an incomplete respiratory 
obstruction above the tracheal bifurca- 
tion.? 

From the roentgenologic point of view, 
the differential diagnosis includes several 
other possibilities but these are easily ruled 
out (Table 1). In cases of subglottic he- 
mangioma or lymphangioma, the stenosis 
within tae conus elasticus region is not 
symmetrical. With a laryngeal or subglottic 
web there is no narrow segment seen. Vocal 
cord paralysis, especially if unilateral, 
gives a picture of asymmetry of the vocal 
cords ard of Morgagni’s ventricles. In 
acute laryngotracheobronchitis (croup) the 
stridor is present only during the acute 


880 Michael Griinebaum DECEMBER, 1975 


phase of the disease and the roentgenologic 167-176. 


signs disappear when the stridor subsides. gA GRÜNEBAUM, M. Respiratory stridor: challenge 
+ for pediatric radiologist. Clin. Radiol., 1973, 24, 


Pediatric Radiology Unit 485-490. 
Beilinson Medical Center 4. LALLEMAND, D., SAUvEGRAIN, J., and Mare- 
Petah-Tiqva, Israel SCHAL, J. L. Laryngo-tracheal lesions in infants 
and children. Ann. radiol. diag., 1973, 16, 293- 
REFERENCES 304. 
1. Cunpy, R. L., and BERGETROM, L. B. Congenital 5. PUVEENDRAM, A. Congenital subglottic atresia: 
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THE VARIOUS FORMS OF PULMONARY VARICES* 
REPORT OF THREE NEW CASES AND REVIEW OF THE LITERATURE 


By YORAM BEN-MENACHEM, M.D., tł KOSON KURODA, M.D.,} E. ROSS KYGER, III, M.D.,§ 


ALBERT N. BREST, M.D.,|| O. PRESTON COPELAND, M.D.,t and JOHN D. COAN, M.D.f 


HOUSTON, TEXAS AND PHILADELPHIA, PENNSYLVANIA 
ABSTRACT: 


True pulmonary varices are congenital local cilatations of a pulmonary vein or 
veins, with normal or collateral transpulmonary crainage into the left atrium. 

Pulmonary varices do not cause pulmonary venous hypertension, but existing 
varices can further become dilated by pulmonary venous hypertension due to mitral 
valve disease. ° l 

Embryologically, pulmonary varices may represent residual primitive splanchnic 
venous components incorporated into the pulmonary venous system, or atresia of 
an individual pulmonary vein which occurred at a time that enabled adoption of 
unobstructed transpulmonary collateral drainage into the left atrium. 

True pulmonary varices do not produce symptoms, do not change in diameter 


over the years, and, usually, do not require treatment. 


ULMONARY varices are rare. Since the 

first report of a patient by Hedinger in 
1907!8 only 42 new?-4 8-10.12, 15—17,19—21, 22,28, 26, 
29-35,38—-40 and three doubtful?“ cases were 
published. Review of the literature re- 
vealed differences in the pattern of the pul- 
monary varices in several cases, possibly 
reflecting basic differences in the formation 
of varices in the embryo. 

The purpose of this paper is to present 
three cases and discuss the differences 
between the two main categories of pul- 
monary varices. 


REPORT OF CASES 


Case 1. H.W., a 50 year old female, was re- 
ferred for a routine examination because of pul- 
monary tuberculosis in a member of her family. 
A chest roentgenogram (Fig. 1) revealed dilated 
vascular structures in the right lower lung field 
medially. Review of previous roentgenograms 
of the chest showed that these vascular shadows 
have existed, unchanged, for the past 24 years. 
The patient was asymptomatic and there was 
no evidence of congenital or acquired heart dis- 
ease. Pulmonary angiography did not reveal 
evidence of pulmonary arterial or venous hy- 
pertension. The arterial phase of the pulmonary 
angiogram (Fig. 24) revealed a normal atrial 


pattern. During the venous phase (Fig. 28), 
dilated, tcrtuous pulmonary veins were seen in 
the right lower lobe; these veins drained into 
the right superior pulmonary vein, which en- 
tered the left atrium normally. There was no 
visualization of a right inferior pulmonary vein. 





Fic. 1. Case 1. Chest roentgenogram. Prominent 
vascular markings in the right lower medial lung 


field and right hilum. 


* From the Departments of Radiology,t and Surgery,§ The University of Texas Medical School at Houston, and the Departments 
of Radiology,t and Medicine,|} Thomas Jefferson University Hospital, Philadelphia, Pennsylvania. 
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Fic. 2. Case 1. Selective right pulmonary angiogram, right anterior oblique position. (4) The arterial phase 


shows normal pulmonary arteries. (B) During the venous phase, large, lower pulmonary varices drain into 
the right superior pulmonary vein. There is no right inferior pulmonary vein. 


Case ul. R.W., a 53 year old female, was ad- 
mitted for clinical suspicion of an intracranial 
space-occupying lesion. Cerebral angiography 
revealed a berry aneurysm of the left internal 
carotid artery. Roentgenograms of the chest 
(Fig. 3, Æ and B) revealed a rounded, slightly 
lobulated, soft tissue density in the right hilum. 
Pulmonary angiography showed no evidence of 
pulmonary arterial or venous hypertension. 
During the arterial phase (Fig. 4, 7 and B), the 
pulmonary arteries were found to be normal. 


During the venous phase (Fig. 5, 4 and B), all 
the veins from the right lung were found to be 
draining into a single, varicose, common pul- 
monary vein which drained normally into the 
left atrium. The left side was normal. 


Case 1. E.V., a 62 year old female, was ad- 
mitted for evaluation of hyperparathyroidism. 
Angiography showed an adenoma of the left 
inferior parathyroid gland. Chest roentgeno- 
grams (Fig. 6, Æ and B) revealed a round, 





. 3. Case 11. Roentgenograms of the chest, in the (4) posteroanterior and (B) lateral projections. 
Note round, lobulated soft tissue mass in the right hilum. 
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Fic. 4. Case 11. (4) Midstream anteroposterior and (B) right anterior oblique selective right pulmonary 
angiogram, arterial phase. Note normal pulmonary arteries. 


slightly lobulated, soft tissue density in the 
right hilum. Pulmonary angiography showed no 
evidence of arterial or venous pulmonary hyper- 
tension. During the arterial phase (Fig. 7, 4 and 
B) normal arterial architecture was found. 
During the venous phase (Fig. 8, 4 and B), the 
veins of the right lower and middle lobes were 
found to be draining into a varicose, right in- 
ferior pulmonary vein which drained normally 
into the left atrium. The right superior pulmo- 
nary vein and both left pulmonary veins were 
normal. 


DISCUSSION 


DEFINITION 


The traditional definition of a pulmonary 


varix 1s a localized enlargement of a seg- 
ment of a pulmonary vein which enters 
the left atrium normally,” or prominent, but 
normally draining pulmonary veins;3° in 
the absence of pulmonary venous hyper- 
tension due to heart disease, the lesions are 
characterized by stability over many years 
of observation.?: 9:12:14, 16, 17,19,29, 32 

According to this definition, at least 
seven of the 47 cases hitherto pub- 
lished ,?:4:70?3,26,31,39 a5 well as our own Cases 
I and 11, are not true varices, as they all 
show anomalies in the involved pulmonary 
veins, even though the final drainage is into 
the left atrium. 





“es P 


Fic. 5. Case 11. Venous phase of pulmonary angiogram in the (4) anteroposterior and (B) right anterior 


oblique projections. Large hilar varices drain the entire right lung into the left atrium superiorly. 
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Fic. 6. Case 11. (4) Roentgenogram and (B) tomogram of the chest. A round mass in the right 
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hilum. The tomogram suggests the vascular nature of the lesion. 


ETIOLOGY 


It is generally agreed that pulmonary 
varices are local congenital anomalies with- 
out significant relation to other existing 
congenital cardiac, pulmonary, or other 
disorders, and without known etiol- 
ogy.?:3,30.8234 The development of the pul- 
monary venous system and its anomalies 
has been extensively studied.!:6.24.25,28,42 
Most probably the defect occurs at the 
time of transition of the lung from splanch- 
nic venous drainage to pulmonary venous 
drainage proper, during horizons x11I-xv1’* 
of the embryonic development. The exist- 
ence of local varicose segments was at- 
tributed to weakness of the venous walls in 
these segments.’ Incorporation of primitive 
splanchnic veins in the newly developing 
pulmonary venous system was suggested 
as a possible cause of such weakness;? there 
is, however, no evidence to suggest that the 
walls of the splanchnic veins are basically 
weaker than those of the pulmonary veins. 
It is hard to explain the dilatation on the 
basis of differences in wall structure. In 


most cases, in which the microscopic struc- 
ture of the varicosities was studied, all 
layers, including the elastic fibers, were 
found to be normal.®!%??:2729 Only two 
cases were reported as showing an abnor- 
mality: in one,*! the wall was thinner than 
normal and the muscular layer was re- 
placed by fibrous tissue; in the other,” the 
wall was very thick and fibrous. 


DISTRIBUTION 


Sex and Age. Among cases reported in 
the literature (28 females, 19 males, and 
three whose sex was not reported),’*” 
the varices were first discovered at age 
32.2 years mean in the males and 37.5 
years mean in the females. 

In a small series such as this one, differ- 
ences in age and sex distribution cannot be 
regarded as significant and are most prob- 
ably coincidental, particularly as the varix 
is usually an incidental finding during inves- 
tigations for unrelated conditions. 

Localization. In most reported cases, 
varices were found in the right lower and 
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middle lobe (20 patients) or the left upper 
lobe and lingula (14 patients). Ten addi- 
tional patients were reported as having 
hilar varices, without specification as to the 
vein involved, or varicosities over an entire 
lung. The reason for the relative sparing of 
the right upper lobe and left lower lobe is 
not understood and will not be speculated 
upon in this paper. In none of the reported 
cases did the patient have bilateral pul- 
monary varices. 


s 
THE VARIOUS PATTERNS OF PULMONARY VARICES 


AND DILATED PULMONARY VEINS 


A. True Pulmonary Varices. These are 
the majority of the reported cases (about 
30 patients), and our Case m1 belongs in 
this group. The only anomaly is a locally 
dilated pulmonary vein or veins in part of 
a lung or its hilum. Two pulmonary veins 
exist on each side and all enter the left 
atrium normally. We shall assume that 
this anomaly may be the result of incor- 
poration of primitive splanchnic venous 
segments in the newly developing pul- 
monary venous system, as proposed by 
Bartram and Strickland.? 

B. Dilated Transpulmonary Venous Col- 
laterals. Seven patients™*42:31:39 and our 
Cases 1 and 11 are recorded as having a 
single right or left upper or lower pulmo- 
nary vein, with dilated, tortuous (varicose) 
veins draining the rest of the lung into 
them. The single pulmonary vein enters 
the left atrium normally. This type of 
anomaly can theoretically be created by 
secondary atresia of the pulmonary vein 
after the separation of the splanchnic 
venous drainage, but before lobar separa- 
tion of the pulmonary veins was completed, 
thereby allowing transpulmonary collater- 
als to develop. Had the atresia occurred 
earlier, pulmonary-splanchnic drainage 
would have been permanently established; 
a later occurrence would have resulted 
in individual pulmonary vein stenosis 
with all its symptomatology and se- 
quelae.5:24:25,36,37 

C. Dilated Pulmonaty Veins with Abnor- 
mal Insertion into the Left Atrium. Two 
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Fic. 7. Case mr. Selective right pulmonary angio- 
gran, arterial phase. (4) Anteroposterior and (B) 
right anterior oblique projections. Normal pulmo- 
nary arteries. 


cases are reported, one with a left superior 
pulmonary vein” and one with a left com- 
mon pulmonary vein,” inserting too far to 
the right into the left atrium. Although the 
veins were dilated they cannot be regarded 
as true varices. 
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Fic. 8. Case 111. Venous phase of pulmonary angio- 
gram, in the (4) anteroposterior and (B) right 
anterior oblique projections. The right inferior 
pulmonary vein is varicose, but drains normally 
into the left atrium. The right superior pulmonary 
vein is normal. 


D. “Pulmonary Varices” in Mitral Steno- 
sis and Insufficiency. Viamonte and LePage” 
described a patient (their Case 11) with 
mitral stenosis and bilateral pulmonary 
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varices. Whether the dilated veins were 
true varices or not is difficult to say on the 
basis of the published material; and in the 
presence of mitral stenosis, their bilaterality 
and hilar location suggest that they were 
probably chronically distended main pul- 
monary veins rather than true varices. 
Bryk’ describes seven patients with mitral 
insufficiency, and with markedly dilated 
right pulmonary veins. The localization of 
the dilatation in the right veins in Bryk’s 
cases can be explained by the direction of 
the regurgitation flow, which would be pref- 
erentially into the right pulmonary veins. 
These, also, are not true pulmonary varices. 


SYMPTOMS 


When pulmonary varices are the pa- 
tient’s only abnormality, they do not pro- 
duce symptoms.?*:13 [n most reported 
cases the discovery of the varix was on 
routine chest roentgenograms or during 
investigation of cardiac or other diseases. 

Hemoptysis was reported in five pa- 
tients.?1827:31 Tn one’! it originated from 
bronchiectasis; in another” bleeding may 
have been due to pulmonary tuberculosis. 

Three patients®!5?9 presented with 
cough, which cannot be shown as being 
directly caused by the presence of pul- 
monary varices. 

One patient presented with a middle 
lobe syndrome, directly related to pressure 
on the middle lobe bronchus by the varices. 

Two patients presented with dys- 
phagia®? due to pressure on the esopha- 
gus by a large left pulmonary vein which 
inserted abnormally to the right of the left 
atrium. Both these patients are not re- 
garded as having true varices. 

Most symptomatic patients presented 
with congestive heart failure of various 
causes, but unrelated to the varices. 


THE RELATIONSHIP BETWEEN ACCOMPANYING 
ANOMALIES OR DISEASES AND 
PULMONARY VARICES 

Most commonly, accompanying anom- 
alies were congenital or acquired heart 
disease: five patients had mitral insufh- 
ciency ;192021,33 three had mitral steno- 
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sis;®:918 and one each had coarctation of the 
aorta, aortic stenosis and pseudocoarcta- 
tion, common origin of both great vessels 
from the right ventricle,’ ventricular septal 
defect and patent ductus arteriosus,‘ mal- 
rotation of the cardiac chambers,” and ab- 
sence of the right hemipericardium.*° 

Other associations included pulmonary 
tuberculosis,” systemic hypertension,” left 
upper lobe pulmonary emphysema,’ intra- 
cranial aneurysm (our Case 11), and hyper- 
parathyroidism (our Case 111). 

Three patients had pulmonary arterial 
anomalies, including absence of the right 
main pulmonary artery,’ hypoplasia of 
the descending branch of the right pul- 
monary artery,*! and a trifurcation, rather 
than bifurcation, of the right pulmonary 
artery.’ Two patients? had partial anoma- 
lous venous drainage contralateral to the 
side of the pulmonary varices. 

Varices are not created by heart disease, 
and their existence in cardiac patients 1s 
purely coincidental.?? In patients with 
pulmonary venous hypertension due to 
mitral stenosis or insufficiency, pre-existing 
varices may become wider." In such cases, 
progression of the congestive heart failure 
may make the presence of an enlarging 
varix rather threatening,” by creating con- 
ditions for rupture. 

In one patient with mitral insufficiency?’ 
the varices became progressively distended 
over a seven year period and disappeared 
following surgery. In another,?? dysphagia 
due to a distended left pulmonary vein with 
an aberrant insertion into the left atrium 
and pressure on the esophagus disappeared 
after treatment of the patient’s congestive 
heart failure. 


COMPLICATIONS AND DEATH 


Two patients?’ ? are reported to have 
suffered a cerebral embolus, the source of 
which was possibly in the varices. 

Hedinger!® felt that his patient’s du- 
odenal ulcer was caused by an embolus 
from a pulmonary varix. 

Three deaths are reported as having re- 
sulted from a ruptured pulmonary 
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varix.2 2732 Tn one,” the varix grew rapidly 
with aggravation of ,existing right heart 
failure. In another,” rupture may have 
been caused by erosion of the varix by pul- 
monary tuberculosis in the adjacent lung 
tissue. The complete clinical picture of the 
third pat ent® is not available. 

A fourth patient?’ is reported to have 
died of a cerebral embolus, but the descrip- 
tion of the clinical picture in this patient 
is strongly suggestive of congestive heart 
failure. 


ROENTGENOGRAPHIC DIAGNOSIS AND 
DIFFERENTIAL DIAGNOSIS 

The smooth, rounded or lobulated soft 
tissue density of the varix on the plain 
chest roentgenogram and tomogram should 
be diferentiated from other pulmonary or 
hilar mass lesions, including those that are 
neoplastic, granulomatous, lymphatic, or 
vascular in. origine 50 13=16;19,40,01:35. At 
least one patient! was given treatment for 
two years for pulmonary tuberculosis, until 
the true nature of the mass on the chest 
roentgenogram was revealed. A most im- 
portant differential diagnosis is that of 
pulmonary arteriovenous fistula,” 313-30 
which may have an identical roentgeno- 
graphic appearance. Partial anomalous 
pulmonary venous return should also be 
included in the differential diagnosis.*? 

The Müller maneuver enlarges the size 
of pulmonary varices, and the Valsalva 
maneuver decreases it in many, but not all 
patients.23619 The only safe criterion for 
the diagnosis of pulmonary varices is the 
opacification of the varices during the 
venous Dhase of pulmonary angiography. 
Demonstration of normal pulmonary ar- 
terial and venous pressures is necessary to 
exclude heart disease as an etiologic factor. 

An important additional criterion is the 
non-growth of pulmonary varices over 
long periods of follow-up. Eleven pa- 
tients? 9-12, 14,16,17,19,29,32 and our Case 1 had 
follow-up chest roentgenograms over peri- 
ods ranging from two to 24 years, without 
any appreciable change in the size of the 
pulmonary varices. 
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TREATMENT 


Treatment is not necessary in asympto- 
matic patients who are free of heart 
disease.!4:71:30.31 Patients with right heart 
failure, who show enlargement of the vari- 
ces, can be expected to reduce the size of 
the lesions with treatment of their conges- 
tive failure. 

Only rarely, as in the patient in whom 
hemoptysis exists and is directly related to 
pulmonary varices, should surgery be 
considered.’ . 


Yoram Ben-Menachem, M.D. 
Department of Radiology 
Hermann Hospital 

1203 Ross Sterling 

Houston, Texas 77025 
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contact with bundles of nerve tissue and ap- 
peared to derive from normal nerve tissue. 


Case 11. A 21 year old totally asymptomatic, 
healthy woman was found to have a solitary 
nodule in the right upper lobe on routine chest 
roentgenogram (Fig. 24). Physical examination 
and all laboratory studies were negative, in- 
cluding skin test for tuberculosis and histo- 
plasmosis. A tomogram (Fig. 28) confirmed the 
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Fic. 1. Case 1. (4) The left hilar shadow is en- 
larged, with a triangular density extending 
laterally. (B) A focal area of atelectasis of 
the left upper lobe is seen, extending from 
the enlarged left hilum. (C) Tomogram 
shows an ovoid mass (arrowheads) within 
the left upper lobe bronchus. 


presence of a somewhat lobulated, sharply de- 
marcated mass about 1.5 cm in diameter (Fig. 
34). This appeared to be entirely outside the 
bronchial tree. Bronchoscopy and bronchog- 
raphy were normal. Pulmonary arteriography 
was performed and showed no arteriovenous 
malformation. 

A right upper lobectomy was performed and 
2 cm mass was found attached to the trifurca- 
tion of the upper lobe bronchus, grossly entirely 
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Fic. 2. Case 11. (4) A sharply marginated rounded density (arrows) is seen above the right hilum. (B) Tomo- 
gram reveals a circumscribed nodule completely outside the bronchial lumen. 


outside the bronchial lumen. The bronchial 
mucosa in the three surrounding bronchi was 
elevated. Histologically, the tumor was circum- 
scribed but not encapsulated and compressed in 
the lung parenchyma. It infiltrated the bron- 
chial submucosa and focally broke the mucosa. 
It merged focally with the bronchial smooth 
muscle. The tumor cells were polygonal to 
spindle with abundant granular brown cyto- 
plasm and small round to vesicular nuclei. 
Lymph node biopsies showed reactive hypo- 
plasia but no tumor cells. The diagnosis was 
granluar cell myoblastoma. 


Case 1. E.F. is a 47 year old Black male 
with a history of night sweats, productive 
cough and recurrent hemoptysis of six months’ 
duration. He was found to have an area of 
chronic pneumonitis in the right upper lobe 
(Fig. 4). 

Bronchoscopy was performed and although 
no abnormalities were apparent in the right 
upper lobe bronchus, an endobronchial lesion 
approximately one cm in diameter was seen 
on the lateral wall of the left lower lobe main- 
stem bronchus. It was not occluding the bron- 
chial lumen. A biopsy specimen was taken and 
the lesion proved to be a granular cell myo- 
blastoma of the bronchus. No roentgen abnor- 
malities were seen in the left hilum or lung, 


even after careful retrospective examination of 
the chest roentgenograms. 


DISCUSSION 


The uncommon granular cell myoblas- 
toma is generally a small lesion, rarely 
greater than two to three cm, most fre- 
quently encountered in the skin, mucous 
membrane, and tongue. Unusual sites in- 
clude the larynx, breast, thyroid, gall- 
bladder, esophagus, and stomach.®:»}8 The 
lesions of the tracheobronchial tree are ex- 
ceedingly rare, representing less than two 
percent of all myoblastomas.™”! Of the 
approximately 50 reported cases of tracheo- 
bronchial myoblastoma,!~7:911:12.14.15 the vast 
majority were in a major bronchus. A large 
number of these cases were incidental find- 
ings in unrelated surgery or autopsy. 

The only reports in the radiologic litera- 
ture are of a tracheal lesion™ and two gas- 
tric tumors.® 

Myoblastomas in the lung (bronchi) can 
occur at any age, although they are most 
often found in the 30-50 year old patients. 
There appears to be a predilection for 
Black females. Multiple bronchial lesions 
were found in about 14 percent of the 
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cases, GCM is usually considered a benign 
tumor, although six percent of all myo- 
blastomas may be malignant and show dis- 
tant metastases.!* However, distant metas- 
tases from endobronchial GCM have not 
been reported. The pulmonary myoblas- 
toma is almost always within the lumen of 
a major bronchus, but about 20 percent can 
also extend submucosally along the bron- 
chial tree and occasionally may penetrate 
into the surrounding lung parenchyma. 
Extension into the adjacent lymph nodes 





Fic. 3. (4) Gross section through tumor of Case 1. 
The sharply circumscribed, 1.5 cm, whitish tumor 
is entirely within the lung parenchyma. (B) Histo- 
logic section of tumor of Case 1. Collections of 
polygonal and ovoid cells, with reticulated cyto- 
plasm and small dense nuclei, are scattered 
throughout the stroma. Their appearance is char- 
acteristic. 
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Fic. 4. Case m1. The inflammatory infiltrate in the 
right upper lobe was entirely unrelated to the inci- 
dental finding of a granular cell myoblastoma in 
the left lower lobe bronchus. This endobronchial 
tumor has produced no apparent changes in the 
left hilum or the left lower lobe. 


can also occur,‘ but this local spread does 
not necessarily indicate malignancy. 

Grossly, the tumor is a well circum- 
scribed glistening, whitish mass, rarely 
larger than 3 cm (Fig. 34). The histologic 
appearance is characteristic and identical 
in all the lesions. Large round to polygonal 
cells with a granular acidophilic cytoplasm 
and small round or ovoid nuclei are packed 
in a scanty stroma (Fig. 3B). Rarely, the 
cells are pleomorphic and the tumor is con- 
sidered malignant.!!° Whether the tumor 
cell is of muscle or neurogenic origin is un- 
certain.? The histologic picture in Case I 
suggests origin from nerve sheath cells. 

Clinical symptoms from a GCM are 
usually completely absent when the tumor 
is small and unobstructive (Case 111), or if 
the bronchial lesion is entirely extraluminal 
(Case 11). The larger endobronchial lesions, 
which may cause atelectasis or recurring 
pneumonias can give rise to hemoptysis, 
cough, and expectoration (Case 1). 

The roentgenographic features of GCM 
of the lung can be surmised from case re- 
ports which contain roentgenographic illus- 
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trations.! 3491215 Small asymptomatic non- 
obstructive lesions will cause no apparent 
findings on the chest roentgenograms (Fig. 
4). Many of the smaller lesions might 
possibly be seen on tomography or bron- 
chography, but in the absence of symp- 
toms, these studies are not done and the 
tumors are unexpected findings either at 
autopsy or during unrelated bronchoscopy, 
as in our third patient. Larger lesions in a 
major bronchus may cause hilar enlarge- 
ment often associated with focal pneumo- 
nitis or atelectasis (Fig. 1, Z and B). Part 
of the hilar enlargement may be due to 
reactive hilar lymphadenopathy which 
frequently occurs. In one reported case!’ 
the hilar enlargement was entirely due to 
reactive adenopathy from a GCM of the 
trachea. Tomography will usually demon- 
strate the mass within the major bronchus 
(Fig. 1C). When the tumor growth extends 
entirely outside the bronchial lumen, as in 
Case 11, there are usually no symptoms and 
the lesion will appear as a circumscribed 
parenchymal density (Fig. 24) outside the 
bronchus on tomography (Fig. 2B). Bron- 
choscopy may then be entirely negative. 

The roentgenographic findings of an 
endobronchial myoblastoma will most often 
simulate a bronchial adenoma or possibly 
a polyp. When the tumor is entirely outside 
the bronchial lumen, a host of other diag- 
nostic possibilities must be considered 
including hamartoma, granuloma, arterio- 
venous malformation, and primary or 
secondary malignancy. 

Successful treatment has usually been 
some form of surgical excision including 
bronchoscopic excision, sleeve resection,” 
lobectomy and even pneumonectomy. Al- 
though the lesion is benign, recurrence with 
local invasiveness can occasionally oc- 
cur.!:®%!2 Radiation therapy has been tried 
with some degree of success." 


J. George Teplick, M.D. 

Department of Diagnostic Radiology 
Hahnemann Medical College and Hospital 
230 North Broad Street 

Philadelphia, Pennsylvania 19102 
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EVALUATION OF A METHOD FOR QUANTIFYING 
THE ANGIOGRAPHIC SEVERITY OF. MAJOR 
PULMONARY EMBOLISM* 

By D. A. TIBBUTT, B.M., M.R.C.P., E. W. L. FLETCHER, M.B., F.F.R., M. LEA 
THOMAS, M.R.C.P., F.F.R., G. C. SUTTON, M.D., M.R.C.P., 


and G. A. H. MILLER, D.M., F.R.C.P. 
OXFORD AND LONDON, ENGLAND 


ABSTRACT: 


A method has been evaluated for the quantification of the angiographic severity 
of pulmonary embolism. There was close agreemenz between observers especially in 
the more severely affected cases. The method has been shown to be sensitive enough 
to demonstrate highly significant differences between treatment regimens and to 
assist in the selection of treatment at the outset. 


PULMONART angiography is a precise 
method of diagnosing pulmonary em- 
bolism.? The importance of this procedure 
is now widely accepted 5° especially in 
therapeutic trials.2° Miller and his col- 
leagues? have devised a system for quanti- 
fying the severity of pulmonary embolism 
demonstrated by pulmonary angiography. 
We have examined the value of this method 
and its application in clinical practice. 


MATERIAL AND METHOD 


The angiograms studied were from pa- 
tients entered into the Brompton-Oxford 
pulmonary embolism trial which compared 
heparin with streptokinase. Pulmonary 
angiography was performed before and 
after 72 hours of treatment, and in some 
cases six months later. 

Right heart catheterization was carried 
out under local anesthesia but without 
premedication that might have had phar- 
macological action on the pulmonary vascu- 
lature. A catheter of maximum possible 
size, up to No. 8 French and with side 
holes, was maneuvered into the proximal 
portion of the main pulmonary artery. 
After right heart pressures had been re- 
corded, pulmonary angiography was car- 
ried out. Single plane anteroposterior, 
serial roentgenograms were taken in full 
inspiration and while injecting 0.5-1.0 ml/ 


kg body weight of contrast medium (usu- 
ally Triosil 75 percent—sodium, calcium, 
and magnesium metrizoate*) using a pres- 
sure injector. The filming program was 
usually six exposures per second for four 
seconds and then two per second for six 
seconds. 

Method of assessing pulmonary angto- 
grams. The method described by Miller 
et al provided a score for the embolic 
involvement (objective score) and for the 
reduction of peripheral perfusion of the 
lungs as judged by the opacification of 
the blood vessels by contrast medium 
(subjective score). The right and left 
main pulmonary arteries were regarded 
as having nine and seven major segmental 
branches respectively (Fig. 1). The pres- 
ence of a filling defect, irrespective of size, 
in any one of these branches scored one 
point. The presence of a filling defect proxi- 
mal to the segmental branches scored a 
value equal to the number of segmental 
branches arising distally. Where a proximal 
artery was involved, more peripherally 
placed emboli were not scored in addition. 
The maximum possible score for involve- 
ment was sixteen points. 

This method of quantifying emboli did 
not distinguish between large and small 
filling defects. In order to compensate for 
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* From the Department of Radiology, The Radcliffe Infirmary, Oxford, England, and St. Thomas’ Hospital, and The Brompton 


Hospital, London, England. 


895 


896 
Perfusion RIGHT 
Index e 
0123 1 


= 


0123 


0123 AN 


INVOLVEMENT 
PERFUSION INDEX 7-9 


TOTAL SCORE 0 - 18 


Tibbutt, Fletcher, Lea Thomas, Sutton and Miller 


DECEMBER, 1975 


LEFT Perfusion 
Index 
| 0123 
co! 
2 
7 
i l 
S iai 
2 l 0123 


INVOLVEMENT p= 
PERFUSION INDEX a 


TOTAL SCORE 


OVERALL TOTAL 0 - 34 [ 


Fic. 1. Score sheet for recording the angiographic severity of pulmonary embolism. See text for 
explanation. (With permission from the British Medical Journal.) 


this, a subjective assessment of the reduc- 
tion in the peripheral perfusion of three 
zones for each lung (“perfusion index”) 
was estimated from the opacification of the 
blood vessels by contrast medium. Normal 
opacification scored zero, mild or moderate 
reduction one point, severe reduction two 
points, and no opacification three points. 
The maximum score for the reduction in 
peripheral perfusion of each lung was nine 
points. Therefore the over-all maximum 
score possible was: 16 (embolic involve- 
ment)+18 (perfusion index)=34 (total 
angiographic score). 

All pulmonary angiograms were scored by 
two radiologists independently (E.W.L.F. 
and M.L.T.). They had no knowledge of 
whether the roentgenograms being exam- 
ined had been taken before or after treat- 
ment, and no knowledge of the clinical 
state of the patients, the treatment given, 


or their clinical response to treatment. 


RESULTS 


Sixty-eight angiograms were examined. 
The comparison between the scores from 
each radiologist for the embolic involve- 
ment, “perfusion index,” and total angio- 
graphic scores is shown in Figure 2, 4—-C. 
The widest discrepancies were among the 
lower scores. This applied particularly to 
the embolic involvement score (Fig. 24): 
Observer I considered twelve angiograms to 
show no vascular filling defects but Ob- 
server II agreed in only one case. The final 
score for each angiogram was taken as the 
mean of the scores from each observer. 
This was compared with the score given by 
the radiologists (Observer 11) involved at 
the time of angiography (Fig. 3); there 
was close agreement and this improved as 
the score increased. The coefficients of 
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correlation (Spearman rank correlation 
coefficient, r,) between observers are shown 
on the relevant figures. 

The difference between angiographic 
scores, before and after 72 hours of treat- 
ment, in a series of 23 patients was ana- 
lyzed. The coefficient of correlation between 
the differences from each observer in angio- 
graphic scores before and after treatment 
was 0.79 (Fig. 4). 

Attempts were made to relate the angio- 
graphic score to other measures of the 
embolic severity: no close relationship was 
found with right heart hemodynamics. 
However, although the initial systemic sys- 
tolic pressure was not significantly corre- 
lated with the total angiographic score 
(rs = —0.26), there was a significant inverse 
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OBSERVER O 


Fic. 2. Interobserver correlation of angio- 
graphic scores. (4) Embolic involve- 
ment score. (B) Perfusion index. (C) 
Total angiographic score. 


correlation between the initial systemic 
systolic blood pressure and the perfusion 
index (r, = —0.38, p. <0.05). 


DISCUSSION 


A similar method for the quantification 
of angiographic abnormalities was used in 
the Urokinase Pulmonary Embolism Trial 
(U.P.E.T.)." This method required the 
actual number and dimensions of filling 
defects to be measured. Miller’s method is 
simpler in that the score for filling defects 
dic not take account of their size and num- 
ber, but this was compensated for by 
adding an estimate of the effect of emboli 
on the lung perfusion. The subjective as- 
pect of the U.P.E.T. method used a four 


point scale for rating individual pulmonary 
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MEAN SCORES FROM OBSERVERS I & II 


Fic. 3. Correlation of total angiographic scores from 
“Observer 111° and mean scores from Observers 1 
and II. 


angiograms and a seven point scale for com- 
parison of pre- and post-treatment angio- 
grams. The subjective score for individual 
angiograms in Miller’s system was prob- 
ably made more sensitive by being built 
upon an 18 point scale. The maximum ob- 
jective scores in these two methods were 
similar: 18 in the U.P.E.T. and 16 in 
Miller’s method. 

The interobserver agreement on the 
various scores analyzed in this paper is 
high (rz=0.79—0.92) and this, coupled 
with the simplicity of the method, demon- 
strates its value. 

There are three applications of a method 
for quantifying the angiographic severity 
of pulmonary embolism :!? 


1. Communication “vocabulary.” 

2. Assessment of resolution of pulmonary 
emboli and efficacy of treatment. 

3. Classification of patients into severity 
groups with resulting aid in selection 
of treatment. 


The method evaluated in this paper has 
proved itself useful in these respects. It has 
been used satisfactorily in a trial comparing 
streptokinase and heparin in the treatment 
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of life-threatening pulmonary embolism: 
the angiographic scores revealed a highly 
significant difference (p<o.oo1) between 
the treatment groups whereas other mea- 
sures (e.g., pulmonary arterial pressure) of 
improvement did not show such marked 
differences. 

It has been frequently emphasized that 
pulmonary angiography is mandatory be- 
fore embolectomy is attempted.**!° Cross 
and Mowlem! found a high (100 percent) 
mortality rate when no embolus was dis- 
covered at operation; most of the deaths 
were from myocardial infarction. Poor 
peripheral perfusion on the angiogram is 
associated with a poor prognosis,® with an 
increased failure rate of medical treatment, 
and with need for embolectomy." The 
agreement between observers tended to be 
greater at higher angiographic scores (Fig. 
2; and 3): this is of particular importance 
since it was with high initial scores ( <24) 
and systemic arterial hypotension (systolic 
<10o mm Hg) that medical treatment 


failed. 


In conclusion we would advocate the 
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Fic. 4. Interobserver correlation of improvement 
scores (difference between pre- and post-treat- 
ment angiographic scores). 
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quantification of the angiographic severity 
of major pulmonary embolism. The method 
described is acceptably reproducible, has 
clearly distinguished between the efficacy 
of two treatment regimens, and may help 
in the prediction of the likely response to 
medical treatment and of the need for sur- 
gery. 

E. W. L. Fletcher, M.B. 

Department of Radiology 


The Radcliffe Infirmary 
Oxford, England OX2 6HE 
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PATHWAYS OF EXTRAPELVIC SPREAD OF DISEASE: 
ANATOMIC-RADIOLOGIC CORRELATION* 


By MORTON A. MEYERS, M.D., and KENNETH J. GOODMAN, M.D. 


NEW YORK, NEW YORK 


ABSTRACT: 


Extrapelvic spread of disease, particularly from gastrointestinal tract perforations 
which may be clinically occult, may first present in the buttock, hip, thigh, and even 
lower leg, and the extraperitoneal space of the abdomen itself. Clinical manifesta- 
tions at these remote sites may be very misleading. Anatomic and roentgenologic 
observations establish the preferential pathways of extrapelvic spread. These are 
related to the insertions and fascial investments of the iliopsoas, pyriformis, and 
obturator internus muscles and the ensheathed penetrations of the superior gluteal 
arteries. Superiorly, extension from the pelvic tissues seeks out the posterior para- 
renal compartment of the extraperitoneal region of the abdomen. Roentgenologic 
signs may first identify the presence, extent, and localization of the primary process. 


ISEASES arising from the pelvic con- 

tents may first manifest themselves 
by signs and symptoms remote from their 
source of origin. Gastrointestinal tract 
perforations in particular may dissect 
along anatomic planes of the pelvis to first 
present in the buttock, hip, thigh and even 
lower leg, and the retroperitoneal space of 
the abdomen itself. The occurrence of pain, 
mass, or crepitation at these sites may be 
very misleading since the origin of the 
underlying inflammatory condition or the 
neoplastic, traumatic, or foreign body 
perforation of the bowel within the pelvis 
often remains clinically occult. Roentgeno- 
logic evaluation may be crucial in redirect- 
ing the diagnostic and therapeutic ap- 
proach as well as in documenting the ex- 
tent of disease. 

Basic to an appreciation of the clinical 
significance is an understanding of the 
anatomic pathways permitting spontane- 
ous dissection of processes from the pelvis 
to these sites. These are dependent upon 
the course of certain pelvic muscles and 
vessels and their particular fascial relation- 
ships. The purpose of this report is: (1) to 
establish the preferential planes of extra- 
pelvic spread, based upon detailed analysis 
of anatomic sections derived from frozen 


cadavers and recently reported injection 
studies;!*!§ and (2) to document the diag- 
nostic roentgenologic features of extra- 
pelvic spread which may be of critical 
clinical importance in identifying the source 
of origin. 


ANATOMIC CONSIDERATIONS 


The levator ani and coccygeus muscles 
form the floor of the pelvis (pelvic dia- 
phragm). This is the most inferior portion 
of the body wall and closes the abdomino- 
pelvic cavity. The obturator internus and 
pyriformis muscles originate within the 
pelvis and thus form part of the pelvic 
wall, but they are really muscles of the 
lower limbs. Figure 1 demonstrates an 
anatomic section showing the relationships 
of the major muscles of the pelvis. 

The endopelvic fascia is the internal in- 
vesting fascia of the pelvis. Its parietal 
layer (Fig. 2) covers the levator ani, 
coccygeus, and the intrapelvic portions of 
the obturator internus and the pyriformis 
muscles. It is directly continuous above 
with the transversalis (endo-abdominal) 
fascia lining the abdominal cavity. The 
visceral layer of the endopelvic fascia 
covers the urinary bladder, lower third of 
the ureters, uterus, vagina, and the rectum. 


* From The Department of Radiology, The New York Hospital-Cornell University Medical College, New York, New York. 
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Four of the pelvic muscles have impor- 
tant extra-pelvic insertions. These are illus- 
trated in Figure 3: 

(1) The psoas major originates from the 
transverse processes and bodies of the 
lumbar vertebrae and inserts on the lesser 
trochanter of the femur. 

(2) The iliacus originates primarily from 
the upper two-thirds of the iliac fossa and 
the ala of the sacrum and inserts with the 
tendon of the psoas major on the lesser 
trochanter of the femur. In its common 
insertion, it comprises the iliopsoas muscle 
group. 

(3) The pyriformis originates from the 
sacrum and the margin of the greater 
sciatic foramen and inserts on the greater 
trochanter of the femur. 

(4) The obturator internus originates 
from the margins of the obturator foramen 
and inserts on the greater trochanter of the 
femur. 

It is also important to recognize that the 
pelvic blood vessels lie in front of the pelvic 
fascia, i.e., superficial to the parietal layer 
of the endopelvic fascia. The superior and 
inferior gluteal branches of the internal 
iliac arteries passing out of the pelvis (Fig. 
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Fic. 1. Mid-coronal anatomic section through the 
pelvis at the level of the urinary bladder (B), 
prostate gland (P), and loops of sigmoid colon (S). 
The course and relationships of the psoas major, 
iliacus, obturator internus, levator ani, and gluteal 
muscles are shown. These are invested by fascia. 
The superior gluteal vessels (arrows) pass out of 
the pelvis at the level of the greater sciatic 
foramina. 
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1) must perforate the fascia and carry ex- 
tensions of the fascia with them to the 
gluteal region. For example, the fascia of 
the pyriformis is prolonged outward 
throug1 the greater sciatic foramen and 
joins tne gluteal fascia. The internal iliac 
vessels and their branches lie in the sub- 
peritoneal tissue in front of the fascia, and 
the branches to the gluteal region, particu- 
larly the superior gluteal artery (the largest 
branch of the hypogastric artery), emerge 
in special sheaths of this tissue, paralleling 
the border of the pyriformis, to reach and 
supply the gluteus muscles. 

In this way, the fascial investments of 
the ilopsoas, pyriformis and obturator 
internus muscles and the fascial sheaths of 
the superior gluteal arteries provide ana- 
tomic pathways from the pelvis to the 
buttocks, hips, and thighs. Superiorly, the 
pelvic tissues above the levator ani and 
coccygeus muscles are continuous with the 
extraperitoneal portion of the abdomen. 


REPORT OF CASES 


Case 1. Rectal extravasation complicating a 
barium enema study. This 45 year old female 
with a questionable history of colitis in the past 
presented with recent change in bowel habits. 
Barium enema study disclosed no abnormalities. 
However, the post-evacuation film demon- 
stratec extravasation into the wall of the rec- 
tum and pelvic tissues (Fig. 44). Dissection of 
the contrast agent along the fascial sheath of 
the left superior gluteal artery was also noted 
(Fig. 4B). 

Witain several hours, the patient developed 
rectal bleeding and point tenderness in the left 
buttock. Proctoscopy identified a false lumen 15 
cm from the anus. Early cellulitis of the pelvic 
tissues was surgically drained and the patient 
recovered uneventfully. 


Comment. Dissection from the pelvis 
toward the gluteal area is strikingly illus- 
trated in this case by the progress of the 
extravasated contrast agent into the fascial 
extension of the superior gluteal artery 
through the greater sciatic foramen. In- 
deed, the vessel is shown as a tubular 
“filling defect” within its opacified endo- 
pelvic sheath. Tenderness in the buttock 
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Fic. 2. Drawing of posterior coronal section at level of the rectum showing planes of pelvic fascia (bold lines). 
The endopelvic fascia covers the major muscles of the pelvis. The internal iliac arteries lie superficial to the 
fascia. Their gluteal branches perforate the endopelvic fascia and then continue within tunneled extensions 


as they pass to the gluteal region. 


was a consequence of this anatomic exten- 
sion. 


Case 11. Sigmotd diverticulitis perforating to 
the right buttock. This 75 year old female pre- 
sented with a two week history of fever and 
vague pain in the right buttock. Barium enema 
study revealed inflammatory narrowing of a 
segment of the sigmoid colon, from which a 
sinus tract extended along the course of the 
superior gluteal artery toward the right buttock 
(Fig. 54). She was treated conservatively with 
antibiotics with a diagnosis of ruptured diver- 
ticulitis. Failure to improve led to a second 
barium enema examination ten days later. This 
now showed persistent opacification of the 
sinus tract with the development of a gluteal 
abscess (Fig. 5, B and C). Sigmoid resection 
with drainage of the abscess was accomplished. 


Postoperatively, however, the patient remained 
septic and expired. 


Comment. Perforation of the sigmoid 
colon in this case is directed along the ex- 
tension of the superior gluteal artery 
through the greater sciatic foramen to the 
right buttock. The initial symptom of pain 
in this site heralded the progression to a 
prominent gluteal abscess. 


Case ul. Sigmoid diverticulitis perforating to 
the left buttock and hip. This 57 year old male 
presented with fever and pain in the left hip. 
Previous history included several episodes of 
left lower quadrant pain. Barium enema study 
demonstrated inflammatory narrowing of the 
distal sigmoid colon. Loculated extravasation 
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from this area along the plane of the pyriformis 
muscle extended to the left buttock and hip 
(Fig. 6, 4 and B). Subsequently, sigmoid re- 
section and drainage confirmed the diagnosis 
of perforating diverticulitis. 


Comment. The presenting symptom of 
pain in the hip was secondary to dissection 
from the perforation of the sigmoid colon 
within the fascial investment of the pyri- 
formis muscle. The tract can be seen to 
lead toward the greater trochanter of the 
femur. o 


Case 1v. Appendicitis perforating to the right 
thigh. This 69 year old male was admitted be- 
cause of right flank pain and tenderness. There 
was a negative psoas sign, but pain was elicited 
on straight leg raising and adduction of the 
right thigh. Digital insertion into the right in- 
guinal ring caused pain radiating to the right 
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Fic. 4. Case 1. (4) Barium enema study, postevacu- 
ation roentgenogram. Contrast agent has in- 
fiitraced the intramural and extrarectal pelvic 
tissues. (B) Magnification of area outlined in 4 
demcnstrates extravasation within the tunneled 
fascial sheath of the superior gluteal artery pro- 
gressng through the greater sciatic foramen 
toward the buttock. 


hip. White blood cell count was 15.2 million/mm*, 
Fever and hip pain increased and tenderness 
developed over the greater trochanter of the 
femur. A clinical diagnosis of bursitis of the 
Fic. 3. Extrapelvic insertions of abdominal and rig it hip was made and the ao injected 
pelvic muscles. The iliopsoas muscle group inserts With cortisone and xylocaine. This was followed 
medially on the lesser trochanter of the femur, and by sepsis, progressive hip pain, and tenderness 
the pyriformis and obturator internus insert in the right lower quadrant of the abdomen. 
laterally on the greater trochanter. The pain then extended to the right knee, and 
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cavity (closed arrows) deep in the gluteal muscle. 


increased temperature of the right lower ex- 
tremity was noted. A violaceous discoloration 
below the right inguinal ligament and indura- 
tion of the lateral aspect of the thigh quickly 
developed. A roentgenogram of the right lower 
extremity disclosed interstitial emphysema lat- 
eral to the femur (Fig. 74). Antibiotics were 
begun and aspiration of the thigh cultured 
E. colt. 

Barium enema study one month after admis- 
sion demonstrated reflux into the terminal 
ileum but no opacification of the appendix. A 
prominent filling defect near the base of the ap- 
pendix at its junction with the cecum was pres- 
ent (Fig. 7B). 

The patient subsequently developed respira- 
tory acidosis and died of cardiac arrest five 
weeks after admission. 

Autopsy disclosed that the appendix, which 
was located retrocecally between the lateral 
margin of the psoas muscle and the floor of the 
right iliac fossa, was inflamed and ruptured. A 
path of inflammatory exudate dissected the 
fascial planes and extended along the iliopsoas 
muscle under the inguinal ligament and into 
the right thigh where it collected between the 
necrotic iliopsoas muscle and the sartortus 


Fic. 5. Case 11. (4) Sinus tract (open arrows) leads 
along the course of the superior gluteal artery to the 
right buttock. (B and C) Ten days later, the sinus 
tract remains evident and there is now a large abscess 





muscle anterior to the femoral canal. 


Comment. Necrotic cellulitis and inter- 
stitial emphysema of the right thigh pro- 
gressed via the iliopsoas muscle group from 
a perforated appendicitis which was not 
diagnosed ante mortem. The ultimate 1so- 
lation of E. coli indicated origin from the 
gastrointestinal tract. The findings of the 
barium enema examination reflect obstruc- 
tion of the appendiceal lumen. 


Case v. This 62 year old male was admitted 
for cardiac catheterization following mitral 
valve replacement. Difficulty in passing the 
catheter through the iliac artery was encoun- 
tered. Contrast agent was introduced to evalu- 
ate the cause of the difficulty. This demon- 
strated localized loculated extravasation. He 
developed right lower quadrant guarding and 
tenderness. 

An abdominal roentgenogram now docu- 
mented, in addition to the localized extravasa- 
tion from the right external iliac artery, a large 
extraperitoneal hematoma within the right 
posterior pararenal compartment (Fig. 8). 

At surgery, repair of the perforated iliac ar- 
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Fic. 6. Case 111. (4) Oblique and (B) lateral projections of barium enema study demonstrate 


extension along the course of the pyr formis muscle (arrows). 


tery was done and the extraperitoneal hema- 
toma of approximately 1,800 cc was drained. 


Comment. Superior flow from the pelvis 
can be traced to seek preferentially the 
posterior pararenal compartment!® of the 
extraperitoneal tissues of the abdomen. 
The characteristic features allow precise 
roentgenologic localization. 


DISCUSSION 


The most common extra-abdominopelvic 
extension of gastrointestinal tract perfora- 
tions, beyond the development of ‘schio- 
rectal abscesses, is to the buttocks, hips, 
and lower extremities. Review of the litera- 
ture shows that 21 cases have been reported 
as subcutaneous emphysema of the leg 
arising from intestinal perforations (Table 
1). Diverticulitis and appendicitis with per- 
foration and fistula formation accounted 
for eleven of the twelve cases resulting 
from infection. Carcinoma of the colon 
with perforation accounted for six, with 
uterine carcinoma, foreign body, and 
trauma to the rectum causing the remain- 
ing. 

Most of the cases of extrapelvic spread 
reported have created serious diagnostic 
problems with admitting diagnoses of 


thrombophlebitis, sciatica, gas gangrene, 
inguinal abscess, Spigelian hernia, and 
even fractured hip, until surgery or autopsy 
uncovered a definitive diagnosis. The clini- 
cal presentation is often pain in the hip 
or buttock.44-8:1819 With the develop- 
ment of crepitation, particularly in the 
thigh,*1181 incision may then display 
severe necrotizing fasciitis. It is often not 
until blunt dissection is then carried out 
along the femoral canal beneath the ingui- 
nal ligament that an extraperitoneal ab- 
scess 13 revealed as evidence of a more 
severe process extending from the pelvis. 

Surgical findings have not often localized 
the particular pathway of spread in the 
face of a pelvic abscess with frequent 
necrotizing dissection toward the inguinal 
region, perineum, thigh and hip joint, 
buttock, and paravertebral gutter. Only 
six previous reports document the develop- 
ment of an iliopsoas abscess as the major 
source of the extra-pelvic spread under the 
inguinal ligament to the leg.2411.13.19.22 Jp 
two, a sinus tract was noted extending from 
a perforated lesion of the sigmoid colon 
through the sacrosciatic notch to an 
abscess cavity with emphysematous cellu- 
litis lateral to the hip and down the 
thigh.™ 1 
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Fic. 7. Case 1v. (4) Loculated interstitial gas lateral t 


The pathogenesis of subcutaneous cellu- 
litis and emphysema of gastrointestinal 
origin is dependent upon four basic fac- 
tors:!7 (1) perforation of the bowel; (2) an 
adequate pressure gradient between the 
lumen of the bowel and ultimately the 
subcutaneous space; (3) the anatomic site 
of perforation; and (4) infection. 

The major mechanism of gas formation 
is not the gas-forming organisms present 
in the feces, but the pressure gradient be- 
tween the gut lumen and the surrounding 
tissue. Quigley and Brody”? have recorded 
large pressure gradients associated with 
vigorous peristaltic contractions. Gas pres- 
sures in the intestinal lumen may rise to 
more than 60 cm of H:O during peristalsis 
while soft-tissue tension is usually about 
5 cm H,O. The intra-abdominal pressure 
may be greatly increased by the contraction 
of the diaphragmatic and abdominal mus- 
cles. This increased pressure is transmitted 
to the contents of the intestinal tract and 
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o the right femur (arrows). (B) Barium enema study 
demonstrates non-opacification of the appendix with a prominent defect near its confluence with the 
cecum (arrow). 


promotes their evacuation, especially at 
sites of perforation when the sphincters 
are intact.®2° This mechanism, enhanced 
by bacterial gas formation, accounts for the 
rapidity of its accumulation. 

The most common offending organism 1s 
E. coli. Occasionally, cultures isolate C/os- 
tridium welchii,» Aerobacter aerogenes,” 
and Proteus. 

The anatomic site of perforation largely 
determines the pathway of spread of the 
sinus tract to the subcutaneous position. 
The usual route of extravasation from the 
bowel is directly through a pathologic 
defect in the parietal peritoneum or fascia 
contiguous with this defect into the inter- 
muscular planes and subcutaneous spaces. 
Solid parenchymatous organs and serous 
membranes have a relatively great resis- 
tance to the diffusion of gas, whereas loose 
areolar and fascial structures readily allow 
the passage of gas. 

This report establishes the correlation 
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between the anatomic pathways and the 
clinical documentation of the extrapelvic 
spread of disease. The insertions of the 
iliopsoas, pyriformis and obturator internus 
muscles, within their fascial investments, 
and the ensheathed penetrations of the 
superior gluteal arteries provide avenues of 
dissection to the buttocks, hips, and thighs. 

Roentgenologic signs may first identify 
the presence, extent, and localization of the 
primary process. Subcutaneous emphysema 
presents as gas in the fascial planes be- 
tween the muscles and@ interstitial tissues in 
contrast to gas gangrene where the gas lies 
within the muscles. In the hip, it may first 
appear about the greater or lesser tro- 
chanter.*:+18.21,22 T inscheid et al.” identified 
a gas-filled sinus tract extending from a 
sigmoid perforation externally through the 
sciatic notch to emphysematous cellulitis 
about the trochanter and neck of the 
femur. Contrast studies readily demon- 
Strate extravasation along the anatomic 
planes. 

It is apparent that the first site of ap- 
pearance or area of maximum development 
of cellulitis or subcutaneous emphysema 
should indicate the approximate anatomic 
level and likely nature of perforation of the 
bowel. Cases of perforated diverticulitis or 
carcinoma of the sigmoid or descending 
colon (Case 111) thus may present in the 
left leg or buttock,!~*:8 and appendicitis or 
perforation of the cecum (Case Iv) in the 
right leg and buttock.!%1923 Because of 
variations in position and length of the 
appendix and in redundancy of the sigmoid, 
perforations from these sites may extend to 
the side opposite to that ordinarily ex- 
pected (Case 11). Traumatic or neoplastic 
perforation of the rectum may present in 
either’ or both® legs. Spread may occur 
also into the abdominal wall*.22:23 and up- 
wards as a retroperitoneal space ab- 
scess.'~*:7! Three clearly demarcated com- 
partments within the extraperitoneal re- 
gion of the abdomen have been recently 
described anatomically and identified roent- 
genologically.!*—"6 These constitute the an- 
terior pararenal, perirenal, and posterior 
pararenal spaces. Fluid or gas collections 
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Fic. 8. Case v. Delayed roentgenogram demonstrates 
persistent localized extravasation (arrows) from 
the right external iliac artery. An acute soft-tissue 
mass occupies the right abdomen. This displaces 
the lower pole of the kidney laterally, obstructs 
the ureter, and obliterates the lateral edge of the 
psoas muscle and the flank stripe. These features 
localize tke hematoma to the extraperitoneal pos- 
terior pararenal compartment. 


within each present distinguishing charac- 
teristics which are often clinically helpful 
in localizing the primary site of disease. As 
Case v illustrates, the preferential spread 
upwards from the subperitoneal pelvic 
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SUMMARY OF 2I REPORTED CASES OF SUBCUTANEOUS EMPHYSEMA 
OF LEG ARISING FROM GASTROINTESTINAL ORIGIN 











Author Age and Sex Cause 
Barrington and Gardham 1932 s2 M Diverticulitis of descending colon 
Gillies 19419 63 M Carcinoma of rectum 
Dawson and Hardy 19488 73 F Diverticulitis of sigmoid colon 


Gangrenous appendicitis 
Cecal perforation secondary to periureteral abscess after ab- 


dominal hysterectomy 


Spring and Kahn 1951” 49 M 
Gow 1951)? 58 F 
Bernstein eż al. 19525 49 F 
Beaconsfield 19534 g F 
Pierleoni and Johnson 1955!° 74 M 

39 F 
Ainsworth 1959! 56 F 

62 F 
Lee 1960” 72 F 
Altemeier and Alexander 1961? 4a: F 
Shambaugh and Burgert 1962” 70 F 
Linscheid et al. 19638 66 F 

4i F 
Case Records of the Massachusetts 60 M 

General Hospital 19657 

Shaffer 19697! s1 M 
Korsten et al. 19734 65 F 
Pickels et al. 197418 76 M 
Meyers and Goodman 1975 69 M 


tissues is into the posterior pararenal com- 
partment. Extravasation of fluid or early 
abscess formation in this space is revealed 
by the inferolateral axis of the soft-tissue 
density with lateral displacement of the 
lower renal pole, and obscuration of the 
psoas margin and flank stripe. Extra- 
luminal gas similarly shows localizing ana- 
tomic distribution and roentgenographic 
features.’ This may be seen with perfora- 
tions of the rectum or, rarely, of the sig- 
moid colon between the leaves of its meso- 
colon. 


Morton A. Meyers, M.D. 

Department of Radiology 

The New York Hospital-Cornell 
University Medical College 

525 East 68th Street 

New York, New York 10021 
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RECTAL AND SIGMOID INVOLVEMENT SECONDARY 
TO CARCINOMA OF THE PROSTATE* 


By LEON GENGLER, M.D., JEANNE BAER, M.D., and NATHANIEL FINBY, M.D. 


NEW YORK, NEW YORK 
ABSTRACT: 


Three types of involvement of the rectum and recto-sigmoid by carcinoma of the 
prostate are reviewed through an analysis of eight cases. A fourth type with sub- 
serosal metastatic implant of the proximal sigmoid may occasionally be encountered. 
The roentgenographic findings are not pathognomonic, but are characteristic of 
extrinsic involvement of the bowel wall. 

When clinical symptoms are predominantly related to the bowel, carcinoma of the 
prostate is usually advanced. All patients presented with bone metastases, uretero- 
hydronephrosis, lack of function of one kidney, or both bone metastases and urinary 
tract obstruction. Rectoscopy and biopsy are helpful. However, biopsy specimens 
often show non-diagnostic features in secondary malignancy. 

Correct diagnosis is important, since there is a difference in treatment of primary 
carcinoma and of secondary involvement of the rectum by prostatic carcinoma. 
A diagnostic challenge exists if the patient is evaluated by barium enema examina- 
tion for primary bowel symptoms, in particular, large bowel obstruction.*:7" At this 
time intravenous pyelography and bone survey for metastases may not be available 
to suggest the correct diagnosis. More widespread use of barium enema examina- 
tions in the evaluation of advanced carcinoma of the prostate is suggested, since the 
type of rectal disease shown on barium enema study was not clinically suspected in 
five of eight patients. 

The prognosis is usually unfavorable because of advanced carcinoma. Survival 
often does not exceed several months to one year. However, one of our patients is still 
well after three years of hormonal therapy. 


ARCINOMA of the prostate is a fre- 
quent disease in the elderly and is now 
the third most common cause of death from 
cancer in the male. Diagnosis is readily 
made by rectal examination and biopsy. 
In some cases, posterior extension to the 
rectum and sigmoid colon may create con- 
fusion with primary rectal carcinoma, espe- 
cially in cases with predominant bowel 
symptoms such as large bowel obstruction. 
The correct diagnosis is essential, since 
carcinoma of the prostate with recto-sig- 
moid involvement indicates advanced car- 
cinoma which is not considered a surgical 
lesion, but requires hormone therapy. 
Fight cases are reported which emphasize 
the importance of barium enema examina- 


tion in recognizing the diagnosis of involve- 
ment of the rectum and sigmoid by carci- 
noma of the prostate. 

Three types of rectal involvement are 
described by Lazarus:!® (1) anterior rectal 
mass, compressing or even occluding the 
rectal lumen proximally, at the level of the 
prostate. The rectal mucosa is normal or 
edematous; (2) annular rectal stricture with 
circumferential infiltration of the rectum 
or recto-sigmoid. The stenosis is usually 
long with irregularly scalloped margins. 
The mucosa is normal or edematous; and 
(3) anterior rectal mass with ulceration of 
the mucosa. Invasion of the anterior bowel 
mucosa may result in a fungating, ulcer- 
ated mass. This lesion simulates most 


* From the Department of Radiology, St. Luke’s Hospital Center; College of Physicians and Surgeons, Columbia University, New 


York, New York. 
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primary rectal carcinomas. A fourth type 
has been added by Winter:?! separate 
metastatic implant to the more proximal 
sigmoid. 


MATERIAL 


Between 1969 and 1975, 257 patients 
with histologically proved carcinoma of the 
prostate were seen at St. Luke’s Hospital 
Center. Eight of 56 patients who had bar- 
ium enema studies showed abnormalities of 
the rectum and signoid which could be 
ascribed to carcinotha of the prostate. 
These will be discussed in detail. 

Barium enema studies are not routinely 
performed to evaluate pelvic extension of 
advanced cases of carcinoma of the pros- 
tate. Patients with a frozen pelvis secon- 
dary to carcinoma of the prostate are not 
included in this report, since these patients 
were not evaluated by barium enema stud- 
ies and do not present a diagnostic chal- 
lenge. 

Among the eight cases reported, five had 
recto-sigmoid involvement when first seen 
at St. Luke’s Hospital. Three patients 
(Cases 6, 5, 7) developed involvement of 
the recto-sigmoid, seven, ten, and 14 
months after the diagnosis of carcinoma of 
the prostate was made. Of these three pa- 
tients, two were evaluated by barium 
enema examination for bowel obstruction, 
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and the third for recent constipation and 
rectal bleeding. 

The age range of the eight patients was 
between 60 and 87 years, with an average 
age of 59. The initial symptoms were re- 
lated to the urinary tract in three patients, 
to the bowel in one, and to both urinary 
tract and bowel in four (Table 1). Pelvic 
examination showed a hard, nodular pros- 
tate in seven patients with evidence of 
pelvic fixation in one (Case 2). One patient 
was considered to have benign prostatic 
hypertrophy (Case 5) and one was thought 
to have carcinoma of the rectum. The latter 
patient was admitted for rectal bleeding 
and had a rectal mass at 5 cm (Case 8). He 
also had urinary frequency and dysuria. 
Ancther patient with evidence of prostatic 
carcinoma on rectal examination had no 
urinary symptoms and was admitted for 
increasing constipation and small frag- 
mented stools (Case 4). Two patients had 
clinical evidence of pelvic extension: 
edema of left leg in one patient (Case 2), 
right hydrocele and supra-pubic mass due 
to anterior extension of carcinoma of 
prostate in the other (Case 3). A third 
patient had inguinal lymphadenopathy 
(Case 4). 

According to the criteria of Lazarus,!® 
the eight abnormal barium enema studies 
may be classified as follows: Type 1—two 


TABLE | 
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Urinary Bowel Symptoms* Type of 
Tract Intravenous Rectal Bone 
Case Age Symp- | Consti- | Ob- Bleed- Pyelography Involve MEHS 
toms* | pation |struction| ing ment CASCA 
I 69 X X I X 
2 85 X X Hydronephrosis I X 
Left non-visualization 
3 rE X Hydronephrosis II X 
4 70 X Left non-visualization I] X 
5 60 X X Hydronephrosis III 
6 68 X Hydronephrosis I] 
Right non-visualization 
fi 60 X I] X 
8 64 X X Stenosis II 


Left ureter 


CŘ O Y S 


* At time of first visit. 
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Fic. 1. Case 1. Smooth concave mass ‘effect on left 
lateral aspect of proximal rectum (Type 1). An- 
terior mass effect was also present on lateral view. 
Osteoblastic bone metastases. 


cases, Type 11—five cases, and Type 1m— 
one case. 

One patient presented additional roent- 
genographic evidence of a subserosal meta- 
static implant of the proximal sigmoid 
(Case 5). In addition, this patient had 
symptoms of intermittent small bowel 
obstruction nine months after the diagnosis 
of carcinoma of the prostate was estab- 
lished. Barium enema examination showed 
involvement of the recto-sigmoid and 
cecum with lack of retrograde filling of the 
terminal ileum. Surgery for small bowel 
obstruction revealed metastatic involve- 
ment of the terminal ileum and cecum by 
carcinoma of the prostate. 

Sigmoidoscopy was only performed in 





Fic. 2. Case 2. Lateral view with marked anterior 
compression of recto-sigmoid (Type 1). 
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two patients, one Type 11 and one Type 111. 
Rectal involvement was suspected in the 
Type m1 patient in that nodularity of the 
mucosa was observed. However, the biopsy 
showed normal mucosa. The second patient 
with a Type 11 barium enema examination 
had a normal sigmoidoscopy, but the 
biopsy showed malignant invasion of the 
mucosa. 

Recto-sigmoid involvement was always 
associated with evidence of pelvic exten- 
sion or distant metastasis. Five patients 
had bilateral hydronephrosis or visualiza- 
tion of only one kidney on intravenous 
pyelographic study. One patient presented 
with medial displacement of the ureters 
bilaterally associated with a left ureteral 
stricture at the level of the fifth lumbar 
transverse process. 

Intravenous pyelography, cystography, 
or both, showed infiltration of the bladder 
floor in one patient (Case 6) and lateral 
compression and displacement of the uri- 
nary bladder in another (Case 4). A third 
patient presented with bullous cystitis 
similar in roentgenographic appearance to 
invasion of the urinary bladder by carci- 
noma of the cervix (Case 8). Four of these 





Fic. 3. Case 3. Lack of distention of the rectum with 
scalloped margins showing extrinsic infiltration of 
the bowel wall (Type 11). 
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also had trabeculations of the bladder. 
Osteoblastic bone metastases were pres- 
ent in three patients at the time the diag- 
nosis of carcinoma of the prostate with 
recto-sigmoid involvement was established. 
Subsequently two other patients developed 
bone metastases and one patient had a liver 
scan consistent with metastatic disease. 


DISCUSSION 


The frequency of prostatic carcinoma 
over the age of 50 is estimated at 20-25 
percent.24_ However, only a few of these 
patients present with an atypical appear- 
ance. Among these, posterior extension of 
carcinoma of the prostate may be signifi- 
cant enough to result in bowel symptoms. 
Anterior extension presenting as a hypo- 
gastric mass is less common and may simu- 
late extension from carcinoma of the uri- 
nary bladder. 

The more frequent posterior extension 





Fic. 4. Case 4. Postevacuation roentgenogram of 
recto-sigmoid in lateral view. Swollen nodular 
mucosa with anterior mass effect on proximal 
rectum (Type 11). 
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Fic. 5. Case 6. Concentric narrowing with scalloped 
margins of distal rectum (Type 11). 


may be explained by the origin of the carci- 
noma in the posterior lobe of the prostate 
which frequently breaches the capsule. 
Denonvillier’s fascia is easily involved, and 
carcinoma may spread between the two 
layers of the fascia. This results in circum- 
ferential seeding of the carcinoma around 
the rectum and distal sigmoid. The anterior 
mass effect on the recto-sigmoid is seen in 
more localized prostatic tumors. In most 
cases the metastatic spread to the rectal 
mucosa is prevented by the muscular lay- 
ers, but it may occur and present as 
mucosal ulceration. 

The frequency of documented recto- 
sigmo:d involvement by carcinoma of the 
prostate differs depending on whether the 
rectal symptoms were part of the initial 





Fic. 6& Case 7. Severe narrowing of recto-sigmoid 
with very wide presacral space in lateral view 
‘Type 11). Osteoblastic bone metastases. 
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Fic. 7. Case 8. Postevacuation roentgenogram shows 
swollen mucosa and scalloped margins of rectum 


(Type 11). 


presenting signs or whether the rectal 
symptoms occurred after the diagnosis of 
carcinoma of the prostate had been estab- 
lished, since barium enema examinations 
are not routinely done on patients with 
carcinoma of the prostate. Estimates range 
between 1.5 percent” and 11.5 percent.” 
In our series the incidence is 3.1 percent 
which probably reflects the fact that pa- 
tients were evaluated with barium enema 
examinations only when the differential 
diagnosis was difficult. 

Three types of roentgenographic appear- 





Fic. 8. Case 8. Cone-down view of bladder after 
intravenous pyelogram shows bullous cystitis. 
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ances were observed on barium enema 
examinations. 

Type I: Anterior rectal mass (Fig. 1; 
and 2). 

Frontal and oblique views usually show 
a smooth, large concave pressure defect on 
the left lateral aspect of the recto-sigmoid 
without evidence of a tumor edge. This 
mass effect is best demonstrated in the 
cross table lateral projection, with the 
patient prone.’ The compression may be 
severe enough to result in recto-sigmoid 
obstruction. This appearance mimics be- 


nign prostatic hypertrophy (Fig. Io; 
and 11). 

Type II: Annular rectal stricture (Fig. 
3-7). 


This is the most frequent presentation 
and shows circumferential, asymmetrical 
stricture of the proximal rectum or recto- 
sigmoid. Occasionally only the distal rec- 
tum is involved (Fig. 5). The margins of 
the stricture show irregular scalloping 
either by intramural tumor nodules or as a 
result of edema infiltrating the bowel wall 
(Fig. 3). The presacral space is abnormally 
wide. The rectal mucosa is best evaluated 
on postevacuation roentgenograms and air 
studies. Although no mucosal destruction 
is seen, the mucosal pattern is abnormal 





Fic. 9. Case 5. Irregular narrowing of proximal rec- 
tum with destruction of the mucosa of right prox- 
imal rectal wall (Type mr) (arrow). Abnormal 
nodular mucosal areas at rectoscopy. In addition, 
there is a serosal metastatic implant on proximal 
sigmoid (double arrow). 
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(Fig. 4; and 7). The edema may be so promi- 
nent as to mimic cobblestoning and may 
even simulate inflammatory colitis.!* This 
is probably related to lymphatic and 
venous obstruction. In one patient there 
was additional roentgenographic evidence 
of bullous cystitis (Fig. 8), which may be 
explained by the same mechanism involv- 
ing the bladder. In this type no ulceration 
of the bowel mucosa is seen. 

Type III: Anterior rectal mass and ulcer 
(Fig. 9). 

This type of involfement presents as an 
anterior mass with infiltration of the bowel 
wall. The presentation is difficult to identify 
by barium examination alone as the mu- 
cosal destruction is often only seen at sig- 
moidoscopy. Edema as seen in Type 11 is 
also present. The posterior aspect of the 
recto-sigmoid is usually not involved. 

A fourth type of bowel involvement con- 
sidered by Winter” is metastatic infiltra- 
tion of the more proximal sigmoid which 
also occurs in other malignant tumors 
(Fig. 9, arrow)! 


DIFFERENTIAL DIAGNOSIS 


Concurrent rectal and prostatic carci- 
nomas may occur®”! and have been in- 
cluded in Winter’s” classification. The dif- 
ferential diagnosis between primary carci- 
noma or secondary involvement may be 
dificult. However, the primary carcinoma 





Fic. 10. Smooth compression of rectum by large be- 
nign prostatic hypertrophy. Differentiate from 
Type I. 
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Fic. 11. Same patient as in Figure 10. Intravenous 
pyeiogram shows giant prostate protruding into 
the urinary bladder, bilateral hydronephrosis (be- 
nign prostatic hypertrophy, 280 gm at surgery). 


usually shows a tumor edge (Fig. 12), while 
secondary involvement shows tapering 
margins. A primary lesion is less extensive 
and the presacral space is usually in the 
normal range (Fig. 12). Evidence of ad- 
vanced prostatic carcinoma as documented 
by infiltration of urinary bladder, hydro- 
nephrosis, and osteoblastic metastases fa- 
vors secondary involvement of the rectum. 
A high serum acid phosphatase activity 
indicates extension of prostatic carcinoma 
beyond its capsule. 

Proctoscopy with rectal biopsy confirms 
the diagnosis of carcinoma of the rectum in 
the majority of cases. However, it may be 
difficult to establish whether an undifteren- 
tiated carcinoma is primarily or secondarily 
involving the rectum. In secondary involve- 
ment of the bowel, the biopsy specimen 





Fic, 12. Primary adenocarcinoma of rectum. Note 
tumor shelf at inferior aspect of mass (arrow) 
which is not present in secondary prostatic cancer 
involvement (Type 1 or 111). 


often is not diagnostic, because of extrinsic 
involvement of the serosal and muscular 
layers while the mucosa is normal. The 
roentgenographic findings on barium enema 
examination are a definite clue to the diag- 
nosis, since secondary involvement of the 
rectum and recto-sigmoid has a character- 
istic appearance. 

Beside primary rectal carcinoma, the 
differential diagnosis includes Blumer’s 
shelf secondary to abdominal carcinoma- 
tosis!" or testicular carcinoma,!® carci- 
noma of the bladder and ureter with poste- 
rior extension, pelvic lipomatosis“ in pa- 
tients with smooth extrinsic compression 
of the recto-sigmoid, and granuloma in- 
guinale or inflammatory colitis!? which 
may simulate a Type 11 or 111 involvement. 
Benign prostatic hypertrophy as well as a 
markedly distended urinary bladder may 
result in anterior rectal compression and 
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may simulate a Type 1 change (Fig. 10; 
and II). 


Nathaniel Finby, M.D. 
Department of Radiology 
St. Luke’s Hospital Center 
421 West 113th Street 

New York, New York 10025 
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THE PALEOEPIDEMIOLOGY OF POROTIC HYPER- 
OSTOSIS IN THE AMERICAN SOUTHWEST: 
RADIOLOGICAL AND ECOLOGICAL 
CONSIDERATIONS 


By MAHMOUD Y. EL-NAJJAR, Pu.D.,* BETSY LOZOFF, M.D.,} and DENNIS J. RYANt 


CLEVELAND, Cine AND TEMPE, ARIZONA 


ABSTRACT: 


Porotic hyperostosis was observed in 34 percent of 539 crania excavated from 
sites in Arizona and New Mexico. Common causes of this cranial pathology i in the 
Old World (thalassemia, sickle cell anemia, and malaria) do not explain its occur- 
rence in the American Southwest, as malaria and hemoglobinopathies are not known 
to have existed in the New World eos to European contact. Iron deficiency anemia 


“fs 47 


oer, 


examined. In canyon bottom sites where the diet was a Aa on maize, 
which is low in iron and also contains an inhibitor of iron absorption, significantly 
more crania had porotic hyperostosis than in sage plain sites, where the diet in- 
cluded ample animal protein rich in easily absorbable iron (p <.cor). Furthermore, 
canyon bottom children, who were more susceptible to iron deficiency anemia, had a 


higher incidence of porotic hyperostosis lesions than adults (p <.ooor). 


T study describes the occurrence of 
porotic hyperostosis, a cranial lesion 
associated with hematologic abnormalities, 
in §39 crania excavated from sites in the 
American Southwest. Porotic hyperostosis 
(also known as symmetrical osteoporosis, 
cribra orbitalia, cribra cranii, or hyperosto- 
sis spongiosa) is a descriptive term for 
small apertures in the outer table of the 
orbits or cranial vault, which give a 
coral or sieve-like appearance. Roentgeno- 
graphically, this condition is characterized 
by widening of the diploic spaces, thinning 
or obliteration of the outer table, and a 
radial pattern of bone spiculae in the 
diploe known as “hair-on-end” stri- 
ations. ā 

Porotic hyperostosis was first described 
by Welcker in 1885." Initial attempts to 
explain its pathogenesis and significance 


were handicapped by the absence of similar 
observations in circumstances where eti- 
ology could be determined.® The first docu- 
mented cause for porotic hyperostosis was 
thalassemia major, described by Cooley 
and Lee® on roentgen studies in 1925. Sub- 
sequently, similar roentgen changes were 
found in patients with sickle cell anemia 
and other hemoglobinopathies.™3°40# 
These findings have also been noted in 
cases of hereditary spherocytosis and 
elliptocytosis, pyruvate kinase deficiency,’ 
polycythemia vera,” and cyanotic congeni- 
tal heart disease.5-369 

On the basis of these observations, it was 
then hypothesized that in Africa and the 
Mediterranean basin, hemolytic anemias 
associated with malaria and hemoglobin- 
opathies were the cause for these cranial 
lesions in human remains.*** However, 
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porotic hyperostosis was also detected in 
pre-Colombian remains in the New 
World!9:® where neither human malaria 
nor hemoglobin variants associated with 
hemolytic anemias are known to have 
existed prior to European contact.!®?%4 

As porotic hyperostosis has been found 
throughout the world, relatively uncommon 
or geographically limited causes could not 
explain its distribution. In 1936, Sheldon?’ 
described the first case of the roentgeno- 
graphic findings of porotic hyperostosis in 
iron deficiency anemia; its significance, 
however, was not appreciated until the 
second case was reported by Eng in 1958." 
Since then some 35 additional children with 
iron deficiency anemia and typical roentgen 
findings have been described.!:?7. 824,32,37 
With confirmation that porotic hyperosto- 
sis occurs in the common problem of iron 
deficiency anemia, it has been hypothe- 
sized that this is a major factor in pro- 
ducing the skull changes.!8:33:34:37 
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Fic. 1. Geographic distribution of the six 
skeletal series examined in this study. 


TABLE I 


SITE IDENTIFICATION AND ECOLOGY 








Environment 


Diet 


gE 


Site Cultural Period Date A.D. 
Canyon de Chelly Basketmaker II-IV 400-700 

Pueblo II-III gOo-I 300 

Chaco Canyon Pueblo II-III 900-1300 

Inscription House Pueblo III 1250-1300 

Navajo Reservoir Pueblo I-II 700-1100 
Gran Quivira Pueblo IV-V 1315-1673 


Canyon bottom 


Canycn bottom 


Canyon bottom 


Canyon bottom 


Sage plains 


Sage plains 


Predominantly maize diet. Animal 
food sources scarce. Cactus fruits, 
pinon nuts, chenopods, squash, 
and beans occasionally found 


Maize 75 percent of the diet, sup- 
plemented by beans, pumpkin, and 
animal foods” 


Predominantly maize diet supple- 
mented by squash and gourds, 
prickley pear and bee weed. Beans 
rare?’ 


Abundant variety of food sources 
(ten species of fish, 41 animal 
species, 52 bird species). Maize, 
squash, and beans also culti- 
vated!” 


Deer, antelope, and small game 
animals very common. Maize, 
squash, and beans frequently uti- 
lized? 
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Fic. 2. Porotic hyperostosis in the 
orbits and frontal region. 


MATERIAL 


A total of 539 crania in six series of 
human remains were examined. All were 
southwestern Anasazi Indian, derived from 
sites within a 120 mile radius (Fig. 1). Four 
series are from canyon bottom sites where 
diet was heavily dependent on maize. Two 
series are from sage plain sites where diet 
was based on a wide variety of animal and 
vegetable food sources. Table 1 summarizes 
the site, cultural period, date, environment, 
and dietary content for each series of 
crania. 


METHOD 


All crania were inspected for the presence 
of small porous openings on the external 
surface of the orbits and cranial bones. 
Skulls with one or more clusters (>5 mm 
in diameter) of such lesions were consid- 
ered to have porotic hyperostosis. Widened 
diploe or thinned outer tables were not 
considered criteria for porotic hyperostosis 
unless accompanied by apertures. All ob- 
servations were made by one person (M. 
El-Najjar). The Inscription House ma- 
terial was additionally observed by Dennis 
Ryan. Aging and sexing was based on the 
standard techniques suggested by Krog- 
man in 1962.” 


RESULTS 


Of the 539 crania, 200 were from children 
under ten years of age. Among the crania 
from individuals over ten years of age, 159 
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were male and 180, female. 

Porotic hyperostosis was observed in 
crania from each of the series, and 34.3 
percent of all skulls were affected. Lesions 
were noted primarily in the orbits but also 
occurred in the frontal and parietal bones 
(Fig. 2; and 3); roentgenographically, the 
changes are similar to those described in 
hemolytic states (Fig. 4, 47 and B). Orbital 
lesions, always found in both orbits, were 
typically localized to the lateral anterior 
orbital roof (Fig. 5). No lesions of porotic 
hyperostosis were noted on the endo- 
cranial surface or below the temporal or 
nuchal muscle lines. 

The age and sex distribution of porotic 
hyperostosis in each series is summarized 
in Table m1. 

The prevalence of porotic hyperostosis in 
the sage plains and canyon bottom sites is 
compared in Table 111. Porotic hyperostosis 
was much more common in crania from 
canyon bottom than from sage plains sites. 
In the canyon bottom crania, porotic 
hyperostosis was much more prevalent in 
children than in adults, but in the sage 
plains crania no age differences were ob- 
served. Sex differences were not statistically 
significant. Comparisons of three temporal 
periods at Gran Quivira and two cultural 
periods at Canyon de Chelly showed no 
statistically significant differences in the 
prevalence of porotic hyperostosis. 


DISCUSSION 


Porotic hyperostosis has been described 
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Fic. 3. Porotic hyperostosis in the parietal bone. 
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Fic. 4. (4 and B) Roentgenograms of the same individual shown in Figure 2 and 3. 
Skeletal changes resemble those in 1emolytic anemias. 


only in conditions associated with erythroid 
hyperplasia of the bone marrow—hemo- 
lytic anemias, polycythemic states, and 
iron deficiency anemia. In these states the 
bone marrow space becomes physically 
larger due to both an increase in the pro- 
portion of larger, immature red cell pre- 
cursors, and also an increase in the num- 
ber of red cells. In the skull, marrow 
tissue is found in the diploe throughout 
life. Recently, mechanisms have been sug- 
gested whereby hyperplastic marrow may 
produce the physical alterations of bony 
structure observed in porotic hyperosto- 
sis.° 28:38 Once the skull changes have oc- 
curred, they persist for years. Although 
some healing may occur,’ details of the 
process of repair in porotic hyperostosis 
have not been described. 


The high frequency of porotic hyperosto- 
sis in the skeletal series from the American 
Southwest suggests that a condition as- 
sociated with bone marrow hyperplasia 
must have been common. Of the estab- 
lished causes, iron deficiency anemia seems 
the most likely explanation, as malaria and 
hemcglobinopathies were unknown in the 
area and other causes for porotic hyperos- 
tosis are extremely rare. Iron deficiency 
anemia may occur as a result of either blood 
loss or nutritionally-related iron deficiency. 
Chronic blood loss occurring in a substan- 
tial proportion of a population is found 
only with hookworm infestations. Since 
parasitic infestations were extremely rare 
in southwestern American Indians,” a 
dietary cause for the postulated iron defi- 
ciency anemia must be sought. 
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Fic. 5. In the orbits, porotic hyperostosis is always 
found on the lateral anterior orbital roof. 


Recent mineral analyses showed that 
ground water, soil, and prehistoric maize 
in this area were not low in iron.'* However, 
the absorbable iron in food, not the total 
iron content, determines the dietary iron 
balance. The iron content of maize is rela- 
tively low, and less than five percent of this 
iron is absorbed; the availability of iron 
in foods taken with maize is also de- 
creased.” By contrast, animal foods both 
supply relatively large amounts of absorb- 
able iron and also increase the uptake of 
iron from foods taken simultaneously. 
Thus, populations subsisting on maize diets 
with little animal protein are in a “‘critical 
situation in attempting to meet normal 
iron requirements.’’* In groups with staple 
diets so limited in absorbable iron, certain 
individuals are more likely to develop iron 
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deficiency anemia due to their increased 
iron needs. Young children, because of 
rapid growth, and women of childbearing 
age, because of menstrual losses and preg- 
nancy demands, are particularly sus- 
ceptible. 

If iron deficiency anemia accounts for 
the presence of porotic hyperostosis in 
these crania then: (1) porotic hyperostosis 
will be more common in populations with 
diets consisting largely of maize with little 
animal protein; and (2) individuals with 
increased iron needs will display more 
porotic hyperostosis when absorbable di- 
etary iron is limited. 

The findings of the present series are 
generally consistent with these expecta- 
tions. The sage plains groups had ready 
access to a variety of animal foods in addi- 
tion to maize; porotic hyperostosis was 
relatively uncommon. The canyon bottom 
peoples were heavily dependent on maize 
and porotic hyperostosis was widespread. 
In the canyon bottom sites where dietary 
constituents are known to interfere with 
iron absorption, porotic hyperostosis was 
much more common in one group with 
increased iron needs (ż.e., children). 

It was also anticipated that adult fe- 
males, another group with increased iron 
needs, would have more porotic hyperosto- 
sis than males when adsorbable dietary 
iron was marginal. Although females were 
more affected than males in canyon bottom 


TABLE I] 


AGE AND SEX DISTRIBUTION OF POROTIC HYPEROSTOSIS (PH) IN THE SIX SKELETAL SERIES 





Total Children Total Adults Adult Males Adult Females 
(0-10) (11+) 

Series ee c i lM 
Percent Percent Percent Percent Percent 
with PH with PH with PH with PH with PH 

Canyon de Chelly 
a. Basketmakers 136 49.3 50 72.0 86 42.3 34 26.5 52 Pe 
b. Pueblos 78 pgi I7 88.0 61 45.9 39 41.0 22 T 
Chaco Canyon 32 71.8 12 83.3 20 65.0 7 9.9 I3 69.2 
Inscription House 24 $4.2 TI 63.6 13 46.2 4 50.0 9 44.4 
Navajo Reservoir 2 t36 44 rg.9 48 10.4 28 10.7 20 10.0 
Gran Quivira 177 15.3 66 18.2 fir oe 47 15.0 64 [2.5 
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TABLE III 


GEOGRAPHIC, AGE AND SEX DISTRIBUTION OF TEE PREVALENCE OF POROTIC 
HYPEROSTOSIS (PH) IN THE TWO ECOLOGICAL ZONES 








Per- No. with PH/ Per- No. with PH/ x? 
cent Total No. cent Total No. P 
1. Geographic Distribution Canyon Sites Sage Plains Sites 
Total 54.1 145/270 Fe 39/269 Ck M ©.000] 
Children 78.6 63/ go 7.3 19/110 68.a" 0,000! 
2. Age Distribution Children Adults 
Canyon sites 75.6 68/ 90 43.3 _ 78/180 26.07 ©,0001 
Sage plains - 29,4 19/110 12.6 20/159 I.1g 0.20 
3. Sex Distribution Males Females 
Canyon sites 36.9 31/ 84 49.0 47/ 96 2.65 0.10 
Sage plains 133 10/ 75 II.9 10/ 84 0.08 0.90 





* Statistically significant findings. 


sites, statistically significant differences 
were not observed. These adult findings 
may result from properties of adult bone 
as well as iron status. Bone marrow hyper- 
plasia may more readily produce porotic 
hyperostosis in children because the bones 
are thin and not fully mineralized. It is 
therefore possible that some adult lesions 
are partially healed lesions of childhood. 
The understanding of adult findings awaits 
adequate description of the effect of bone 
maturation and repair on the lesions of 
porotic hyperostosis. Thus, the hypothesis 
that iron deficiency anemia due to lack of 
absorbable iron in the diet accounts for 
not only the occurrence of porotic hyper- 
ostosis in the American Southwest but also 
its geographic distribution within the re- 
gion and its predominance in children in 
certain sites. 


Mahmoud Y. El-Najjar, Ph.D. 
Department of Anthropology 
Case Western Reserve University 
Cleveland, Ohio 44106 
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IMPROVED ROENTGENOLOGIC DIAGNOSIS OF 


OSTEOMALACIA BY MICRORADIQSCOPY 
OF HAND BONES* 


By H. ERIK MEEMA, M.D., and SILVIA MEEMA, M.D. 


TORONTO, ONTARIO, CANADA 


ABSTRACT: 


Microradioscopic study of metacarpals in 24 osteomalacic and 34 osteoporotic 
patients revealed excessive intracortical resorption (striations) in approximately 
60 percent of patients suffering from osteomalacia, but in none of the osteoporotics. 
Phalangeal periosteal resorption was found less frequently in osteomalacia than 
metacarpal striations, and was absent in osteoporotics. On the other hand, quantita- 
tive evaluation of cortical thickness, percent cortical area, bone mineral mass, and 
density did not show any clear differences between the two study groups. It "i con- 
cluded that the differential diagnosis between osteomalacia and osteoporosis may be 
considerably improved by microradioscopy of hand bones. 


WE have previously shown that the use 
of industrial (fine-grain) roentgeno- 
graphic films and a simple magnification 
procedure, microradioscopy, enabled detec- 
tion of abnormal intracortical resorptive 
changes (“tunnels,” “cutting cones”)! in 
the metacarpal bones in seven of ten female 
patients suffering from vitamin D defi- 
ciency osteomalacia.” We have now ex- 
amined additional cases of osteomalacia 
and the findings will be compared to those 
obtained in a group of patients suffering 
from severe osteoporosis. The results indi- 
cate that the study of intracortical and 
periosteal resorptive changes by micro- 
radioscopy is a useful adjunct to the roent- 
genologic differential diagnosis between 
osteoporosis and osteomalacia. 


MATERIAL AND METHOD 


From our accumulated files of over 1,500 
fine-detail roentgenograms of the hands, 
we extracted all those with a definite or 
suspected diagnosis of osteomalacia and 
osteoporosis. For inclusion in the study, 
one of the following diagnostic criteria was 
to be satisfied. 


1. For osteomalacia: Positive histologic 
diagnosis from iliac crest biopsy (eleven 


cases), or presence of pseudofractures 
(Looser’s zones) in skeletal roentgeno- 
grams (ten cases), or a serum CaXP 
product <23 mg percent in patients 
with clinical features known to be com- 
monly associated with osteomalacia (ten 
cases) (Table 1), or a combination of 
these. Nineteen female and five male 
patients fulfilled these criteria after pa- 


TABLE I 


ASSOCIATED DIAGNOSES AND FEATURES 


IN OSTEOMALACIC PATIENTS 


. Positive iliac crest biopsy 
2. Roentgenologic findings: 


(a) Looser’s zones (pseudofractures) 
(b) Vertebral compressions 

(c) Femoral neck fractures 

(d) Other spontaneous fractures 


. Clmical diagnoses: 


(a) Previous gastrectomy 

(b) Proved intestinal malabsorption 
(c) Chronic pancreatitis 

(d Long-term anticonvulsant therapy 
(e) Cirrhosis of the liver 

(f) Renal tubular acidosis 

(g) Hypophosphatemia 


* From the Department of Radiology, The Toronto Western Hospital, Toronto, Ontario, Canada. 
This study was supported by Medical Research Council of Canada, Grant MA 3889. 
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AVERAGE AGH, STATURE, BODY-WEIGHT, AND MUSCLE AND FAT THICKNESS OF THE 
FOREARM IN PATIENTS WITH OSTEOMALACIA AND OSTEOPOROSIS 





Age 
Number Stature Body-weight Muscle Fat- 
(ycara) (range) (cm) (kg) (cm) ~ (cm) 
Female patiente 
Osteomalacia 19 $9.7 (34-82) 160.7(N» 12) 50,0(N= 13) 6.96(N= 15) 0.79(N= 15) 
Osteoporosis 20 64.8 (41-83) 157.3(N™ 14) 49.2(N=14) . 7.13(N=16) 0.98(N= 16) 
Male patients 
Osteomalacia 5 45.4 (28-66) 154.3 $5.3 ‘ 8.60 0.53(N= 4) 
Osteoporosis 14 62.1 (45-89) 171.7(N™ 11) 69.2(N= 12) 8.68(N= 13) 0.73(N= 12) 
N= Normal. 
tients with chronic azotemic renal dis- the roentgenograms: 


ease were excluded. 

2. For osteoporosis: Finding of one or more 
vertebral compressions in lateral roent- 
genograms of the thoracic or lumbar 
spine without previous or recent history 
of known trauma, metabolic or endo- 
crine bone disease (osteomalacia, azo- 
temic renal disease, thyrotoxicosis, Cush- 
ing’s syndrome, hyperparathyroidism) 
or malignancy. There were 20 female 


and 14 male patients with osteoporosis 
thus defined. 


The age distribution, together with avail- 
able information on body-weight, stature, 
and forearm muscle and subcutaneous fat 
thickness,?° are given in Table 1. There 
were no significant differences between the 
variables in female osteoporoti¢s and osteo- 
malacics. The male osteomalacic group had 
considerably lower values for average age, 
stature, body-weight and both soft tissue 
‘measurements (but because of small num- 
bers,’ these differences were not analyzed 
statistically in the males). 

The technique of fine-detail roentgenog- 
raphy has been previously described” and 
normal and: abnormal resorptive patterns 
defined." 

Identification of patients was removed 
from fine-detail roentgenograms of the 
hands and the roentgenograms were ran- 
domly numbered for a “blind” microradio- 
scopic reading by one author (H.E.M.). 
The following observations were made from 


1. Metacarpal cortical striations: o and 
1+ (normal variations) or 2+ and 3+ 
(abnormal). 

2. Subperiosteal resorption in phalanges: 
o and 1+ (normal variation) or ++ 
and +++ (abnormal). 

3. On the same roentgenograms, the ids 
metacarpal combined cortical thickness 
(Cnet) Was measured with a measuring 
magnifier, placed directly | on the roent- 
genogram. This permits measurements 
to o.1 mm.“ The combined cortical 
thickness is the difference between ex- 
ternal width (W) and marrow cavity 
width (m) or Cne =W — m. 

4. From measurements of W and m, the 
percent cortical area was now calcu- 


lated: 


W2 — m? 


percent CA = X 1007 


In normal populations, the percent CA 
has a smaller coefficient of variation than 
Cres and is therefore diagnostically more 
sensitive for detecting early endosteal bone 
loss than the other simple mid-metacarpal 
measurements.” ®.% 

Roentgen-ray photodensitometric stud- 
ies of bone mineral content in the proximal 
radial shaft! had been performed in the 
majority of the patients. Of the three. pa- 
rameters, the bone mineral mass (M in 
g/cm?) and the combined cortical thickness 
(C in cm) are direct measurements in one 
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centimeter longitudinal scan-area, while 
the bone mineral density (ż.e., the amount 
of bone mineral per unit volume of cortical 
bone in g/cm?) is the ratio M/C. 


RESULTS 


The most striking difference in findings 
between the two study groups was that by 
microradioscopy abnormal metacarpal cor- 
tical striations were detected in twelve of 
Ig osteomalacic women (63 percent) and in 
two of five osteomalacic men, while no 
excessive striations were recorded in any of 
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a : roi 

Fic. 1. Magnified roentgenograms of metacarpals from three female patients (original magnification X7, 
reduced 30 percent for reproduction). Left: 39 years, osteomalacia. Middle: 74 years, osteoporosis. Right: 
69 years, osteomalacia. Endosteal resorption in the two clder patients has resulted in the enlargement of 
the marrow cavity width (arrows) but intracortical resorption (longitudinal striations) is present only in 
the osteomalacic patients. Arrows at “a” point at the canal of the nutrient artery. 


the patients suffering from severe osteopo- 
rosis (Fig. 1). Similarly, abnormal periosteal 
resorption (“subperiosteal resorption”) was 
found only in the osteomalacic patients, 
although in only three females and two 
mēles. In the females, subperiosteal resorp- 
tion was found only in those who also had 
abnormal metacarpal cortical striations. In 
one male patient, however, the abnormal 
periosteal resorption in the phalanges was 
present without metacarpal striations. Thus, 
the combined number of osteomalacic men 
with distinctly increased net intracortical 
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Fic. 2. Percent cortical area of the second metacarpal in female 
osteomalacic patients (in relation to normal ranges). 


(=striations) or periosteal resorption in 
hand bones was three, the proportion 3:5 of 
the resorptive abnormalities being similar 
to that found by microradioscopy for the 
female patients. 

Of ten patients who showed Looser’s 
zones in their skeletal surveys, seven had 
abnormally increased metacarpal striations. 
On the other hand, there were seven pa- 
tients with increased metacarpal striations 
without evidence of Looser’s zones. Thus, 
by combining cases with Looser’s zones 
and those with increased metacarpal stri- 
ations, and considering these separately as 
signs of osteomalacia, a roentgenologic 
diagnosis of osteomalacia would have been 
made in 17 patients (71 percent). 

An estimate of the increased net en- 
dosteal resorption in the metacarpals may 
be obtained by measuring either the mar- 
row cavity width (enlarges) or the com- 
bined cortical thickness (diminishes), or 


one of the several other calculated metacar- 
pal parameters (diminish). Although the 
simple measurements are in principle pref- 
erable, it has been previously suggested??? 
that diagnostically the most sensitive pa- 
rameter for assessment of endosteal bone 
loss in the metacarpal is the percent corti- 
cal area (percent CA). The percent cortical 
area for osteomalacic (Fig. 2) and osteo- 
porotic (Fig. 3) women, and for all male 
patients (in relation to age-related normal 
ranges according to Garn)’ (Fig. 4) are 
shown. 

It is seen from Figure 2 that endosteal 
bone loss in excess of that due to aging is 
demonstrable by percent CA in eleven of Ig 
osteomalacic women. Of the eight patients 
whose values were within normal ranges, 
six had abnormal intracortical striations. 
With only one exception (a 50 year old 
woman with renal tubular acidosis, a nor- 
mal CaXP product, but histologic diag- 
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AGE (YEARS) 


e Patients with Osteoporosis (N=20) =: Normal ranges (mean +2S.D) 


—— Lower limit in 20-40 age group 


Fic. 3. Percent cortical area of the second metacarpal in female 
osteoporotic patients (in relation to normal ranges). 


nosis of osteomalacia) either intracortical 
or endosteal bone loss was clearly demon- 
strable from industrial hand roentgeno- 
grams in these patients. 

Figure 3 shows the percent CA in women 
with severe osteoporosis. Only 25 percent 
of these showed distinctly abnormal values 
although, with two exceptions, the values 
were below the age-related mean values. 

Figure 4 shows the percent CA for osteo- 
malacic and osteoporotic men in relation 
to normal ranges. Of the five osteomalacic 
patients, two showed no evidence of endos- 
teal bone loss, but both of these had ab- 
normally increased metacarpal cortical 
striations. 

For comparison of the diagnostic sensi- 
tivity of percent CA vs. Cnet, we calculared 
the percentages of those osteomalacics and 
osteoporotics whose values fell below the 
lower age-related normal limits. Excessive 
bone loss was thus demonstrable by Cnet 
in 46 percent of osteomalacic and in nine 


percent of osteoporotic patients, and by 
percent CA in 58 percent of osteomalacics 
and in 32 percent of osteoporotics. Thus 
percent CA was more sensitive than Cre 
in diagnosing endosteal bone loss in both 
conditions, and both parameters revealed 
greater endosteal bone loss in osteomalacic 
than in osteoporotic patients. 

The results of photodensitometric bone 
mineral measurements in the proximal 
radius for females are shown in Figure 5; 
and 6. It is seen that the distribution of 
values in relation to normal ranges (either 
by normal young standards or age-related) 
are similar to those obtained with percent 
CA for both osteomalacic and osteoporotic 
patients (Fig. 2; and 3). 


DISCUSSION 


The most important single finding of this 
study is that microradioscopy of hand 
bones revealed abnormal intracortical re- 
sorptive patterns in approximately 60 per- 
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@® and with abn. periosteal resorption 
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® and with abn. metacarpal striations —- Lower limit in 20-40 age group 


Fic. 4. Percent cortical area of the second metacarpal in male osteomalacic and 
osteoporotic patients (in relation to normal ranges). 


cent of the patients suffering from osteo- 
malacia, but in none of those with severe 
involutional (postmenopausal, senile) os- 
teoporosis. On the other hand, photo- 
densitometric bone mineral studies in the 
proximal radius failed to separate these 
two patient populations, although the 
values tended to be generally low (Fig. 5; 
and 6). Furthermore, simple morphometric 
measurements at the second metacarpal 
midshaft revealed patterns of bone loss 
similar to those obtained by photodensito- 
metric measurements of the bone mineral 
mass in the radius (Fig. 2; and 3). 

Thus, at least for the differential diag- 
nosis between osteomalacia and osteoporo- 
sis, the rather complex and often costly 
roentgenologic measurements of bone min- 
eral content? can be replaced by the 
simpler and less costly fine-detail hand 
roentgenography, suitable for microradio- 


scopic detection of subtle resorptive 
changes as well as for accurate morpho- 
metric measurements.'? The tabulated nor- 
mally occurring variations of mid-meta- 
carpal combined cortical thickness (Cmet) 
are now available not only from the original 
sources,®7'3? but also from the widely used 
“Atlas of Roentgenographic Measure- 
ments” by Lusted and Keats, and from 
the recent monograph of Steinbach et al.?’ 
A value of the Cmet below the normal age- 
related values (—2 S.D. of the mean) 1s 
indicative of pathologic bone loss and 
should lead to a thorough metabolic inves- 
tigation. 

However, when the Cnet falls into the 
lower normal ranges, excessive endosteal 
resorption may still be diagnosed by calcu- 
lating the percent cortical area (percent 
CA) and relating this to its normal ranges.’ 
The suggested better diagnostic sensitivity 
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Fic. 5. Roentgen-ray photodensitometric measurements o? bone mineral mass in the proximal radial shaft 
in female osteomalacic and osteoporotic patients (in relation to normal ranges). 


of percent CA over Cmet in the diagnosis 
of endosteal bone resorption”? has been 
confirmed in this study for both osteo- 
porosis and osteomalacia. While previously 
calculation of the percent CA would have 
been considered as being too time-con- 
suming and tedious in routine roentgeno- 
logic practice, the availability of low-cost 
electronic calculators has removed this 
obstacle, and determination of percent CA 
should now be an integral part in the assess- 
ment of bone loss in metabolic bone dis- 
eases. The comparison with normal ranges 
of percent CA (and of Cyst) may be further 
facilitated by preparing graphs (such as 
those of Figure 3; and 4) for routine use. 

We have recently examined the diagnos- 


tic sensitivity of various cortical measure- 
ments in both second metacarpal and 
proximal radius and found that the single 
most sensitive parameter for diagnosing 
endosteal bone loss in osteoporosis and 
osteomalacia” is the minimum combined 
cortical thickness of the proximal radial 
shaft, at least in women. Thus, when both 
Cnet and percent CA fall into the lower 
normal ranges, it may still be worth while 
taking a roentgenogram of the proximal 
radius for measurement of the minimum 
combined cortical thickness.” 

Our present findings should be viewed 
against the background of modern con- 
cepts of bone remodelling and the present 
Knowledge of pathophysiology of bone. 
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Fic. 6. Roentgen-ray photodensitometric measurements of cortical bone mineral density in the proximal 
radial shaft in female osteomalacic and osteoporotic patients (in relation to normal ranges). 


According to the triple-envelope concept of 
bone remodelling dynamics,® bone resorp- 
tion normally tends to predominate in the 
endosteal zone (envelope), there is bal- 
anced remodelling in the intracortical 
(haversian) bone, while bone formation 
predominates at the periosteal envelope. 
In conditions with high bone turnover, 
bone remodelling processes are activated in 
all three envelopes, but relatively more 
so in the normally quiescent haversian 
bone,?? where increased numbers of resorp- 
tive foci appear as osteoclastic “cutting 
cones” or tunnels. These have an essen- 
tially longitudinal orientation in the corti- 


cal bone, measure a few millimeters to 
centimeters in length, and are approxi- 
mately 200 to 500 microns in diameter,” 
i.e., have physical characteristics similar 
to the metacarpal striations shown by 
microradioscopy in osteomalacia (Fig. 1; 
and 7). 

One of the conditions with high bone 
turnover is hyperparathyroidism. At least 
some degree of secondary hyperparathy- 
roidism probably always accompanies vita- 
min D deficiency osteomalacia,!° the low 
serum calcium stimulating parathyroid 
glands to hypertrophy.'* The increased 
parathyroid hormone output is apparently 
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designed to promote bone resorption and 
intestinal absorption of calcium and to 
decrease renal tubular reabsorption of 
calcium in order to raise the inherently low 
serum calcium in osteomalacia.” 

Increased intracortical resorption in os- 
teomalacia has previously been observed 
in the histologic studies of Frost? and 
Ramser et al. and in microradiographic 
studies of Heuck,® but no previous roent- 
genologic studies have demonstrated this 
abnormality in vivo, probably because the 
intracortical striatioMs are not distinctly 
seen in ordinary (regular-grain) roentgeno- 
grams and without magnification. 

Although subperiosteal resorption is 
nearly pathognomonic for hyperparathy- 
roidism, and its recognition greatly im- 
proved by microradioscopy,*!®3! in this 
series it was detected only in 20 percent 
of the cases as opposed to the 60 percent 
incidence of abnormal intracortical resorp- 
tion. This relationship is the reverse of that 
observed in secondary hyperparathvroid- 
ism of azotemic chronic renal disease, 
where subperiosteal resorption was found 
In §3 percent, and abnormal intracortical 
resorption only in 16 percent.!® On the 
other hand, microradioscopic studies by 
Genant and associates? of primary hyper- 
parathyroidism have shown more frequent 
occurrence of intracortical than subperi- 
osteal bone resorption. 

Endosteal bone resorption, on the other 
hand, occurs commonly jn all types of 
metabolic and endocrine bone diseases, 
thus being rather non-specific and of little 
value in the differential diagnosis. How- 
ever, in conditions with low bone turnover, 
e.g., involutional osteoporosis, bone loss 
occurs mainly in the endosteal and im- 
mediately subendosteal zone,!:2° the cen- 
tral and peripheral cortical areas remaining 
relatively solid. Thus, while cortices are 
usually thinner than normal in both 
osteoporosis and osteomalacia (Fig. 2-4), in 
osteoporotics the central and outer portions 
of the cortex appear solid on microradio- 
scopic inspection while in osteomalacia a 
striated pattern is found throughout most 
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Fic. 7. Schematic presentation of microradioscopic 
(periosteal and intracortical resorption) and mor- 
phometric (endosteal resorption) findings in some 
conditions with high vs. low bone turnover. 

C,+C, is the combined cortical thickness, and 
+2 S.D. represents the normal ranges in the 20- 
40 year age group. 


of the cortical thickness (Fig. 1; and wae 

The generally low bone mineral density 
of cortical bone (i.e., the amount of bone 
mineral per volume of cortical bone) found 
in osteoporotic patients (Fig. 6) is partly 
explained by subendosteal resorption cavi- 
ties or tunnels. Another factor contributing 
to this low bone mineral density in osteo- 
porosis is the increased size of haversian 
canals throughout the cortex.!2 This type 
of intracortical porosity, as opposed to the 
osteoclastic tunneling in conditions with 
high bone turnover, is not distinctly visible 
on microradioscopy, the diameter of the 
enlarged haversian canals in the central 
and peripheral cortical zones usually not 
exceeding 100 microns. Finally, the fraction 
of poorly mineralized bone in older (and 
osteoporotic) patients is greater than that 
In young normal persons.!” 

Although Looser’s zones are nearly 
pathognomonic for osteomalacia, they may 
occur relatively late in the course of the 
disease.1° In the present study, approxi- 
mately 40 percent of the patients had 

ooser’s zones, but 60 percent had in- 
creased metacarpal striations. When both 
signs were combined and considered sepa- 
rately as signs of osteomalacia, the inci- 
dence of roentgenologically diagnosed os- 
teomalacia in this series of 24 patients 
would be 71 percent. 
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- The suggestion that trabecular bone 
“fuzziness” is a good roentgenologic sign 
of osteomalacia? has not been confirmed by 
` us, and is usually considered too subjec- 
tive and unreliable. On the other hand, 
vertebrae sometimes appear dispropor- 
tionately dense in relation to the markedly 
thinned cortices of the peripheral bones in 
osteomalacia, while no such discrepancy is 
found in severe osteoporosis.” 

Since involutional osteoporosis is very 
common after age 55 to 60, especially in 
women, there is a tendency among the 
radiologists to label patients with obvious 
generalized bone loss as osteoporotics. 
While they will be correct in a large ma- 
jority of cases statistically, this practice is 
unfortunate since it suggests to the clini- 
cian a more-or-less normal aging phe- 
nomenon, and implies that further labora- 
tory and ‘other studies are probably super- 
fluous. In these situations, when the rather 
non-specific symptoms of early osteo- 
malacia continue in spite of reassurance 
and supportive treatment, the patient may 
eventually be labelled as “neurotic,” “rheu- 
matic,” etc., until, after some years of 
suffering, a correct diagnosis of osteoma- 
lacia is finally made, perhaps following a 
vertebral collapse, femoral neck fracture, 
or discovery of a Looser’s zone later in the 
course of the disease. 

It is therefore suggested that in all cases 
of bone pain, muscular aches and weakness, 
and of course in all those suspected to have 
some metabolic or endocrine condition 
_aftecting bone, a posteroanterior rpentgeno- 
gram of both hands be taken on industrial 
(fine-grain) film and inspected at 6-8X 
magnification by the simple technique of 
microradioscopy. Although increased intra- 
cortical striations are found in other condi- 
tions with high bone turnover, (thyrotoxi- 
cosis, acromegaly, chronic renal disease), 
the primary disease here is usually obvious 
clinically. A combination of a low CaP 
product (<23 mg percent) together with 
abnormal metacarpal striations is nearly 
pathognomonic for osteomalacia, and bone 
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biopsy may then not be absolutely neces- 
sary to establish this diagnosis. Instead, 
trial therapy with vitamin D and calcium 
may alleviate the symptoms. of osteo- 
malacia quickly, and when a. recheck 
microradioscopy of hand bones, a few 
months later, shows that metacarpal stri- 
ations or subperiosteal resorption or both, 
are healing, and the CaXP product is 
normalizing, the diagnosis of osteomalacia 
may then be considered as having been 


confirmed. 


H. Erik Meema, M.D. 
Department of Radiology 

The Toronto Western Hospital 
399 Bathurst Street 

Toronto, Ontario, Canada 
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THE WEISSENBACHER-ZWEY MULLER SYNDROME 
OF MICROGNATHIA AND RHIZOMELIC 
CHONDRODYSPLASIA AT BIRTH 
WITH SUBSEQUENT NORMAL 
GROWTH* 


By J. O. HALLER, M.D.,+ W. E. BERDON, M.D., M. ROBINOW, M.D.,t 
T. L. SLOVIS, M.D.,¢ D. H. BAKER, M.D., and G. F. JOHNSON, M.D.§ 


NEW YORK, NEW YORK 


ABSTRACT: 


Two patients are reported with the clinical and roentgenographic findings of the 
Weissenbacher-Zweymuller syndrome. The features are neonatal micrognathia 
(Pierre Robin syndrome), rhizomelic chondrodysplasia with dumbbell shaped 
femur and humeri. The bone changes tend to regress and there is normal growth on 


serial studies. 


A third case seemed at birth to show similar roentgenographic changes but was 
dwarfed; serial observations revealed him to be a case of the Kniest syndrome with 


micrognathia as an added feature. 


The term “micrognathic dwarfism” suggested by Maroteaux is probably best 
avoided since it will inevitably include a variety of conditions, only some of which 


are associated with dwarfism. 


N 1964 Weissenbacher and Zweymuller® 

reported the “simultaneous occurrence 
of Pierre Robin syndrome and fetal chon- 
drodysplasia” in a newborn male. The pa- 
tient clinically was felt to have rhizomelic 
proportions, and the diagnosis of achondro- 
plasia was suspected. The roentgenograms 
of their patient actually showed bulbous 
enlargement of the proximal and distal 
femurs and proximal humeri with spinal 
changes, none of which resembled achon- 
droplasia. The coexistence of chondrodys- 
plasia and micrognathia were next noted 
by Maroteaux eż a/.4 in 1970; referring to 
Weissenbacher and Zweymuller’s case, they 
reported three patients and suggested the 
term “‘micrognathic dwarfism.” 

In this communication two patients are 
presented whose clinical and roentgeno- 
graphic findings in the first months of life 
parallel those noted by Weissenbacher and 
Zweymuller. Neither of the patients, how- 


ever, was dwarfed at birth and serial ob- 
servations in the first case showed normal 
growth despite the clinical impression of 
rhizomelic proportions. Weissenbacher and 
Zweymuller’s patient had also grown in 
normal fashion.!° 

A third patient is included who at birth 
seemed to combine rhizomelic proportions 
and micrognathia; however, this patient 
has shown dwarfed growth and has roent- 
genographic findings now compatible with 
the Kniest syndrome.’ 

The cases reflect the spectrum of growth 
disturbances (with and without dwarfism) 
that can be associated with micrognathia 
and the need for serial observations with 
clinical measurements in prediction of 
growth and in classification for purposes of 
genetic advice. 


REPORT OF CASES 


Case 1. This white girl weighed seven pounds, 


* From the Department of Radiology, Babies Hospital, Columbia-Presbyterian Medical Center, New York, New York. 
+ Fellows in Pediatric Radiology, Maternal Child Health Bureau, Department of Health, Education and Welfare, Project 153, 


1972-1975. 


t Director, Birth Defects, University of Virginia School of Medicine, Charlottesville, Virginia. 
§ Radiology Department, Children’s Medical Center, Dayton, Ohio. 
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six ounces at birth and was noted to have acleft 
involving the soft and hard palate, and microg- 
nathia. Respiratory distress was not present 
after birth. At two months of age progressive 
respiratory problems developed including pneu- 
monia and sternal retractions. The infant was 
transferred to Babies Hospital where she was 
noted to be in a fixed opisthotonic position, to 
be odd-looking with a small mandible, pointed 
nose and large eyes. She appeared to have dis- 
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Fic. 1. Case 1. (4) The lateral skull in in- 
fancy shows mandibular hypoplasia with 
impingement on the oral airspace. (B) 
Case 11r. Similar changes to Case 1 are 
noted with the added feature of an oro- 
tracheal tube and metal airway to depress 
the tongue. (C) Case 1. At three and one- 
half years the mandible has grown quite 
well and the airway is patent. 


proportionately short arms and legs, especially 
in the proximal root segments. Head circum- 
ference was normal. Her length of 50.5 centi- 
meters was one standard deviation below nor- 
mal. Roertgenographic findings will be dis- 
cussed below. Among the initial diagnoses con- 
sidered were metatropic dwarfism, as well as an 
atypical diastrophic dwarfism. Genetic consul- 
tation was sought since a sibling with microg- 
nathia had died at two months of age; the 
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Fic. 2. (4) A normal spine is seen in lateral view; the 
infant has rectal atresia with rectourethral fistula 
which accounts for the colon distention. (B) Case 
t. Note the incomplete coronal clefts which result 
in a slight bulbous contour to the anterior and 
posterior halves of each body. (C) Case 11. Similar 
although less marked changes are present. (D) 
Case 1. At three and one-half years the spine has 
returned to normal. 


consultant raised the possibility again of di- 
astrophic dwarfism. The retractions and respi- 
ratory distress were felt to be secondary prob- 
lems of secretions plus a large posteriotly placed 
tongue; the palatal repair was deferred until 
three years of age. The child, having walked at 
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ten months of age and talked at two and three- 
quarter years, was noted at three years to be 
normal in height (96 centimeters). A repeat 
skeletal survey was obtained (to be discussed 
below). The palatal defect was repaired. 


Comment. The odd appearance and seem- 
ing rhizomelic proportions led to sugges- 
tions of several types of dwarfism despite 
her initial length being only one standard 
deviation below normal; at three years of 
age she was of normal height. 


Case 11. At birth this eight pound male had a 
cleft palate, micrognathia, and a large poste- 
riorly placed tongue. The neonatal course was 
characterized by episodes of retractions, nasal 
flaring, and duskiness, most marked after feed- 
ings. His progressive respiratory distress led to 
tracheostomy. His head circumference was nor- 
mal and length of 55 centimeters was normal. 
Skeletal findings as in Case 1 were noted. He 
was discharged and no follow-up measurements 
are available. 


ROENTGENOGRAPHIC FINDINGS 


Roentgenographic studies were performed 
in Cases 1 and 11 in infancy, and Case I was 
re-studied at three and one-half years of 
age. 

Skull: (Fig. 1, A-C) There is mandibular 
hypoplasia with impingement on the oral 
airway. Case 1 at three and one-half years 
shows growth of the mandible with the oral 
airspace now well seen. 

Spine: (Fig. 2, A-D) When compared 
with a normal infant the lateral lumbar 
spine shows an incomplete coronal cleft 
with a slight bulbous contour of the two 
halves of the bodies. Case 1 at three and 
one-half years of age shows a return to 
normal. 

Pelvis and Femurs: (Fig. 3, A-E) When 
compared with a normal infant, roentgeno- 
crams of the pelvis and femurs show a 
bulbous contour of the ischial and pubic 
bones; the iliac bones are broad with a 
smooth acetabular roof and low acetabular 
angle. The femurs appear dumbbell shaped 
with prominent trochanters. Similar al- 
though lesser changes are in the lower legs. 
Case 1 at three and one-half years shows the 
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femurs to appear normal although the 
ischial and pubic bones remain broad in 
outline. 

Humeri: (Fig. 4, 4 and B) The proximal 
and distal humeri in Case 1 now look quite 
normal at three and one-half years of age. 
Case 11 had similar changes. 

Comment. The most curious and un- 
expected aspect of the above studies is that, 
while the patients appeared to have oddly 
short arms and legs in infancy, their growth 
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Fic. 3. (4) Normal pelvis and fe- 
murs are shown; note the slender 
ischial and pubic bones and well- 
modelled femoral shafts. (B) Case 
I in infancy shows a bulbous de- 
formity of the ischial and pubic 
bones and dumbbell shaped femurs 
with prominent trochanters. (C) 
Case 1 at three and one-half years; 
the femars look normal although 
the ischial and pubic bones are still 
broad in outline. 


was normal and the prominent roentgeno- 
graphic changes were not associated with 
progressive deformity. We lack detailed 
measurement of length of the proximal 
versus distal bone segments as well as simi- 
lar measu-ement in controls of the same age 
and weight. 


DISCUSSION 


The patients reported by Robin® had 
respiratory distress and micrognathia with- 
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Fic. 3. Case 11. (D) The broad iliac Fones and ischial 
and pubic changes are well seen; note the femoral 
shaft contour. (Æ) The tibia shows similar al- 
though lesser changes. 
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out any note of dwarfism or odd propor- 
tions. The mandibular hypoplasia, initially 
ascribed to infection, was later felt to reflect 
in utero pressure of the fetal sternum on the 
developing chin. More recent speculation 
has centered on the mandibular hypoplasia 
as being primary, with secondary displace- 
ment of the tongue against the developing 
palate, leading to a U shaped palatal de- 
fect.5 Major bone anomalies have been 
noted with shortening to virtual absence 
of the femurs;? hand deformities have been 
seen as well.2 However, more generalized 
“chondrodysplasia” was not noted except 
for the report of Weissenbacher and Zwey- 
muller in 1964, who described a case com- 
bining chondrodysplasia and micrognathia. 
The appearance of their patient also sug- 
gested rhizomelic proportions with roent- 
genograms showing bulbous enlargement of 
the proximal and distal root bones. Their 
patient, a male, had marked stridor in the 
supine position. He resisted attempts to 
stretch his knee, hip, or elbow joints and 
favored the prone position; tracheal intu- 
bation was required as were gavage feed- 
ings. His length of 48.5 centimeters was 
slightly below normal. They assumed their 
patient combined “fetal chondrodysplasia’”’ 
and micrognathia. 

However, communication with Dr. Weis- 
senbacher! in 1974 reveals that the patient, 
now ten years old, is at 97.5 percent of 
normal growth and there are no longer any 
signs of Pierre Robin syndrome. 

Review of the infantile roentgenograms 
of their case fails to show any sign of 
achondroplasia (which they initially sus- 
pected in 1964) and their notation of under- 
grown base of the skull probably relates to 
the normal cranium and tiny mandible. 
Maroteaux et a/.4 felt their cases of ‘‘micro- 
gnathic dwarfism” were additional examples 
of the same entity as found in Weissen- 
bacher and Zweymuller’s case; they were 
unaware of the normal growth of that 
patient. Their three cases of “‘micrognathic 
dwarfism” included a first case whose long 
bones failed to show a dumbbell configura- 
tion. The second and third cases do show 
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Fic. 4. Case 1. (4) The humerus shows the same proximal and distal bulbous contour. Case 11 was identical. 
Case 1. (B) At three and one-half years the humerus appears normal. 


this bulbous deformity but the patients 
were small, with the third case below the 
third percentile. 

We do not feel that our two cases and 
the original case of Weissenbacher and 
Zweymuller should be termed ‘micro- 
gnathic dwarfs.” Further, micrognathia can 
accompany other types of dwarfism, such 
as diastrophic dwarfism! making the term 
“micrognathic dwarf” confusing to us. 

The proper diagnosis of a patient with 
micrognathia and seeming rhizomelic de- 
formity requires careful measurements, 
skeletal roentgenographic study and serial 
observations. Confusion can obviously exist 
between several genetically different types 
of dwarfism, including diastrophic and 
metatropic dwarfism and the Kniest syn- 
drome.’ Achondroplasia can usually be 


promptly excluded since its neonatal 
roentgenographic manifestations are 
typical.’ 


Diastrophic dwarfs usually have club 
feet, joint contractures, and hypermobile 
“hitch-hiker thumbs,” and the long bones 
are not bulbous in configuration.” Meta- 
tropic dwarfism shows a changing pattern 
from infancy with the initial long trunk, 
short limb appearance being altered by 
progressive spinal flattening. The patients 
do show the trochanter enlargement with 
“dumbbell” contour of the root bones noted 
in our cases but are dwarfed at birth and 


become progressively deformed; the chest 
is narrow.’ 

The Kniest syndrome (clinically con- 
fused with both metatropic dwarfism and 
achondroplasia) is a rare condition?” char- 
acterized by a peculiar flattened facies, 
short trunk, broad chest, shortened root 
bones with dumbbell configuration, and 
moderate neonatal spinal changes that are 
similar to our cases but go on to develop 
progressive flattening with growth. Should 
a patient with Kniest syndrome also have 
micrognathia at birth, it could easily be 
confused with both the Weissenbacher and 
Zweymuller syndrome and the “microg- 
nathic dwarf” of Maroteaux et alt Such 
occurred in the following case. 


Case m1. (Fig. 5, 4-E) This white male was 
noted to have micrognathia, posteriorly placed 
tongue, and cleft palate at birth. A clinical dis- 
proportionate shortness of the extremities was 
noted with the root bones primarily involved. 
The first diagnosis was of Pierre Robin syn- 
drome with achondroplasia. His length of 46 
centimeters at eight months of age placed his 
g-owth below the third percentile. 

Initial roentgenographic findings of dumb- 
bell -emurs and humeri were noted. The thorax 
was broad with horizontal ribs. The lumbar 
spine showed bulbous changes similar to our 
Case 1 and Case 11 and the patient of Weissen- 
bacher and Zweymuller. He was then diagnosed 
as a ““micrognathic dwarf.” 

As his dwarfism became more obvious, serial 
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Fic. 5. Case 1. (4) Kniest dwarf. Newborn lat- 
eral skull shows micrognathia and airspace im- 
pingement as in Cases 1 and 1. Case 111. (B) 
Newborn lateral spine shows incomplete 
coronal cleft. Note prominent trochanters on 
femoral shafts. Spine developed progressive 
flattening in serial films. Case 111. (C) Newborn 
pelvis and femurs show same dumbbell shape of 
the femurs with prominent trochanters as in 
Cases 1 and 11. Case 111. (D) At age nine months 
the pelvis is showing further varus deformity 
of the femoral necks with inferior metaphyseal 
irregularity. The epiphyseal centers have been 
slow in appearance with later roentgenograms 
showing irregular contour; growth has been 
progressively dwarfed. Case 11. (E) Newborn 
humerus shows proximal enlargement. With 
time, humeral head epiphyseal irregularity 
appeared with dwarfed growth of the ex- 
tremities. 
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roentgenographic studies showed progressive 
flattening of the spine with marked coxa vara of 
the femoral necks. Femoral epiphyseal ossifica- 
tion was retarded. The femoral necks began to 
show inferior irregularity as noted in the Kniest 
syndrome. Consultation with Dr. Frederick 
Silverman led to a suggestion that the patient 
actually had the Kniest syndrome and time ap- 
pears to have proved him correct. 


Comment. The patient obviously com- 
bined dwarfism and micrognathia. It re- 
quired time and serial roentgenographic 
studies to show the ¢hanges of the Kniest 
syndrome. Micrognathia as such is not 
usually part of the Kniest syndrome al- 
though the patients are described as having 
a peculiar flattened facies. 


Walter E. Berdon, M.D. 

Department of Pediatric Radiology 
Columbia-Presbyterian Medical Center 
622 West 168th Street 

New York, New York 10032 
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THE ASSOCIATION OF CLEIDOCRANIAL DYSOSTOSIS 
* WITH HEARING LOSS* 
By HAROLD B. HAWKINS, M.D.,t ROBERT SHAPIRO, M.D.,+ 
and CHARLES J. PETRILLO, M.D. 


NEW HAVEN, CONNECTICUT 


ABSTRACT: 


Three new cases of cleidocranial dysostosis with hearing loss are reported in this 
paper. The significant points concerning this association are: (1) the hearing deficit 
is predominantly a middle ear conduction problem secondary to structural abnor- 
malities of the ossicles; (2) there is sometimes a small bone conduction deficit indi- 
cating either a cochlear or an eighth nerve problem; (3) the middle ear hearing loss 


was corrected surgically in one reported case; (4) 
temporal bone which makes a middle ear operation technically 


there is dense sclerosis of the 


dificult; and (5) 


hearing loss with cleidocranial dysostosis may be more common than the number of 


cases in the literature suggests. 


LEIDOCRANIAL dysostosis is a rare, 

inherited abnormality which affects 
the development of membranous and 
cartilaginous bone.*®9 In spite of the 
striking roentgenologic findings, there are 
relatively few clinical problems associated 
with this disease, 7.e., cephalopelvic dis- 
proportion, dental dysplasia, and hearing 
loss. Cephalopelvic disproportion and den- 
tal dysplasia have been amply considered. 
However, the relationship of cleidocranial 
dysostosis to hearing loss has been cited in 
only eight cases, all in the otologic litera- 
ture. Because this association has not been 
described in radiologic journals, this paper 
will discuss the roentgen findings in the 
temporal bone and includes three new 
cases with hearing loss. 


PERTINENT LITERATURE 


Nager and De Reynier” in 1948 first re- 
ported three cases (in a single family) of 
cleidocranial dysostosis with a mixed hear- 
ing loss. All of these patients had narrowing 
of the external auditory canals and mastoid 
hypoplasia. In 1954, Davis' described a 
single case in a 24 year old man whose 
hearing was slightly improved by a bone 
conduction hearing aid. In 1958, Gay’ 
reported the fifth case in an eleven year old 


girl with moderate mixed deafness. This 
patient also had no pneumatization of the 
mastoids and narrowing of the external 
auditory canals. Jaffee‘ reported a single 
case with no previous history of ear infec- 
tion in a five year old male with normal 
ear canals; however, the tympanic mem- 
branes were dull and retracted. Testing by 
audiometry revealed a bilateral conductive 
hearing loss. Roentgenography showed 
sclerotic mastoids with only a few air cells. 
Adenoidectomy and bilateral myringotomy 
resulted in a marked hearing improvement. 
The seventh example of cleidocranial 
dysostosis with hearing loss was reported 
by Féns.2 The patient, a 13 year old girl, 
had a deformed right external auricle, 
narrowed external canals, and a conductive 
hearing loss. Audiometry showed 50 and 25 
decibels of conductive hearing deficit on the 
right and left sides, respectively. Plain 
roentgenograms demonstrated dense mas- 
toids with absent pneumatization. Tem- 
poral bone laminagraphy revealed a nar- 
row right external canal with an abnor- 
mally small middle ear. In addition, the 
ossicles were clumped together in the attic; 
neither the handle of the malleus nor the 
long process of the incus was identified. 
Laminagrams of the left temporal bone 


* From the Departments of Radiologyt and Otolaryngology,t The Hospital of St. Raphael, New Haven, Connecticut. 
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Fic. 1. Five additional members of family have documented cleidocranial 
dysostosis with associated hzaring loss. 


showed slight narrowing of the external 
canal and an abnormally small middle ear 
and ossicles. However, the long process of 
the incus and the handle of the malleus 
could be identified. The inner ear and porus 
acousticus were normal bilaterally. The 
last case, recorded by Pou! in 1971). oe- 
curred in a 23 year old girl who developed 
progressive loss of hearing over an eight 
month period. On physical examination, 
she had narrow external auditory canals. 
Audiometry showed a 40 decibel mixed 
deficit on the left and an 80 decibel loss on 
the right, primarily conductive. She under- 
went a right middle ear exploration through 
an external auditory approach. The pro- 
cedure was difficult because of severe 
narrowing of the external canal. At opera- 
tion, the long process of the incus was short, 


causing the stapes to be fixed against the 
facial nerve canal. In addition, the foot- 
plate of the stapes was thickened and fixed 
at the oval window. Both the incus and the 
malleus were also considerably thickened. 
The footplate of the stapes was removed 
and a wire-vein prosthesis was introduced. 
Following operation, the conductive hear- 
ing Icss on the right was improved. 


REPORT OF CASES 


Our three patients (R.S., D.B., and 
B.C.), all from the same family, have 
roentgenographically documented cleido- 
cranial dysostosis and audiometrically doc- 
umented hearing loss. There are thirteen 
individuals with cleidocranial dysostosis in 
this family over a four generation span, 
Eight of the thirteen have an associated 
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Fic. 2. Towne projection showing marked sclerosis 
of both petrous bones. 


hearing loss. R.S., D.B., and B.C. are the 
only three who have been fully docu- 
mented. 


Case 1. R.S. is a 38 year old woman with a 
25 year history of bilateral progressive hearing 
loss, more marked in the left ear. Audiometry 
showed a combined loss in the left ear averag- 
ing 82 decibels, with a 35-45 decibel air-bone 
gap. There was no prior historv of ear infection. 
Past history included three cesarean sections 
for cephalopelvic disproportion. Roentgenog- 
raphy of the chest showed the clavicles to be 
hypoplastic, the right clavicle being only a 
poorly defined, thin bone. The left clavicle, 
also thin, consisted of at least two segments 
with a pseudoarthrosis. Skull roentgenograms 
showed many Wormian bones, a persistent 
metopic suture, and poor pneumatization of 
the mastoids. A left stapedectomy was at- 
tempted through the external auditory canal. 
However, the canal was so narrow that it was 
impossible to obtain adequate exposure. Two 
months later, the patient underwent a second 
operation. Through a posterior auricular ap- 
proach, the sclerotic, thickened bony auditory 
canal was thinned with an electric drill to per- 
mit the entry of an adequate ear speculum. The 
skin was then elevated down to the annulus and 
the eardrum reflected forward. This revealed 
marked thickening of the posterior auditory 
canal with an extensive overhang, obscuring 
the oval window and the stapes. Considerable 
bleeding ensued and it was not possible to 
expose the oval window and stapes adequately. 
Therefore, the operation was terminated. 


Cases u and 11. D.B. and B.C. are nieces of 
R.S. Roentgenography of the chest and skull 
demonstrated the characteristic findings of 
cleidocranial dysostosis in both patients. 
Audiometry showed both of them to have mild 
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to moderate mixed hearing loss. Neither pa- 
tient had a history of previous ear infection. 
Five additional members of this family have 
documented cleidocranial dysostosis and are 
known by history to have an associated hearing 
loss (Fig. 1). 


ROENTGENOLOGIC FINDINGS 


This discussion will be limited to a de- 
scription of the temporal bone because the 
latter has received scant attention in the 
literature. Jarvis and Keats mention 
“thickening” of the temporal squamosa in 
passing, but no other changes. All of the 
patients in our series had pronounced 
sclerosis of the petrous and mastoid bones 
due to cortical thickening (Fig. 2). The 
squamosa was similarly involved, although 
the degree of squamosal thickening varied 
somewhat from patient to patient (Fig. 3). 
However, in all patients, the thin, normally 
radiolucent squamosa was radiopaque. The 
petrosal sclerosis was so striking that the 
radiolucent semicircular canals and cochlea 
stood out in bold relief, reminiscent of the 
newborn skull (Fig. 4). 


DISCUSSION 


Dental dysplasia, cephalopelvic dispro- 
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Fic. 3. Lateral view of skull demonstrating increased 
density of the temporal squamosa. Normally, this 
is one of the thinnest areas in the calvaria. 


VoL. 125, No. 4 





Fic. 4. Coned-down view of left petrous bone show- 
ing the marked bony thickening around the semi- 
circular canals (arrow). 


portion, and hearing loss are the only sig- 
nificant clinical problems associated with 
cleidocranial dysostosis. There are three 
possibilities which may explain the paucity 
of reports of hearing loss in this disease: 
(1) since the hearing loss is partial rather 
than total, patients may not be inclined to 
seek out medical advice; (2) only a few 
physicians are aware of the association of 
cleidocranial dysostosis with hearing loss 
and look for it; and (3) the association of 
cleidocranial dysostosis with hearing loss, 
indeed, may be rare. 

The etiology of the hearing deficit is not 
entirely clear although there are at least 
two factors involved. One component is a 
small bone conduction loss which indicates 
either a neural or a cochlear problem. The 
relationship of the sclerosis of the temporal 
bone to a neural or cochlear abnormality is 
unknown. It is conceivable that sclerotic 
bone may encroach on the eighth nerve. 
However, a normal facial nerve argues 
against this. The predominant component 
in the hearing loss in all cases tested by 
audiometry is a middle ear conduction 


Cleidocranial Dysostos's 


947 


problem. The one case in which laminagra- 
phy was done showed dense abnormal 
ossicles clumped together in the attic. 
Operative visualization in another patient 
showed bulky, thick ossicles with fixation 
of the footplate of the stapes to the oval 
window. It seems likely that abnormalities 
of the ossicles will be found in other cases 
of cleidocranial dysostosis if specifically 
looked for. 

Appreciation of the nature of the hearing 
loss in cleidocranial dysostosis is important 
because of the possibility of surgical correc- 
tion. Also important is knowledge of the 
dense sclerosis of the temporal bone which 
may necessitate a modification of the surgi- 
cal approach. 


Harold B. Hawkins, M.D. 
Department of Radiology 

The Hospital of St. Raphael 
1350 Chapel Street 

New Haven, Connecticut 06511 
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GASTROINTESTINAL MANIFESTATIONS OF THE 
° MUSCULAR DYSTROPHIES* 


A REVIEW OF ROENTGEN FINDINGS 


By ALAN J. SIMPSON, M.D.,t and MANSHO T. KHILNANI, M.D. 


NEW YORK, NEW YORK 


ABSTRACT: 


Five patients with acute megacolon with varied types of progressive muscular 
dystrophy are presented. Dysfunction of smooth muscle among patients with 
muscular dystrophy is reviewed. The extra gastrointestinal roentgen features are 
summarized. Recognition of the diffuse smooth muscular involvement among pa- 
tients with muscular dystrophy is stressed for proper diagnosis and patient man- 


agement. 


HE muscular dystrophies are gener- 

ally considered to be disorders of 
striated or voluntary muscle. However, it 
is also recognized that involvement of 
smooth muscle frequently occurs. ® 1222.25 
Emphasis on involvement of the gastro- 
intestinal tract has largely been concerned 
with esophageal dysfunction®*! and gall- 
bladder disease,*:* particularly in patients 
with myotonic dystrophy. Five patients 
with varied types of muscular dystrophy 
seen at the Mount Sinai Hospital presented 
with recurrent complaints of abdominal 
pain, distention and obstruction resulting 
from acute megacolon (non-obstructing). 
In addition, three of these patients had 
associated sigmoid volvulus. These un- 
usual findings prompted this report. 


REPORT OF CASES 


Case 1. A 35 year old male was diagnosed 
eight years prior to admission as having myo- 
tonic dystrophy. Two years prior to admission 
he underwent an exploratory laparotomy at 
another hospital because of symptoms of re- 
current intestinal obstruction. No organic 
cause of obstruction was found at surgery. The 
patient was well until the current admission, 
when he presented with abdominal distention, 
crampy abdominal pains, nausea, and vomiting. 
He was managed medically with a long tube 
and parenteral fluids. Physical findings, typical 


of myotonia dystrophica, included cataracts, 
frontal baldness, and atrophy and weakness of 
the muscles of the distal extremities and face. 
A barium enema study revealed marked seg- 
mental dilatation of the colon from the splenic 
flexure to the proximal sigmoid. The sigmoid 
appeared relatively narrow and showed normal 
mucosa and normal contractility on postevacu- 
ation roentgenograms. The rectum was normal. 
The length of dilated colon was less than seen 
on a preliminary abdominal roentgenogram 
obtained on admission two days earlier (Fig. 1, 
A-D). An upper gastrointestinal series demon- 
strated irregular and poor motility in the sub- 
aortic segment of the esophagus; the primary 
wave disappeared at the level of the aortic 
knob. The caliber of the esophagus was normal. 
The stomach was transverse with partial, non- 
obstructive, organoaxial rotation. The small 
bowel study demonstrated dilated proximal 
jejunal loops, and the transit time was normal 
(Fig. 1, E and F). A skull series was normal. 


Case 1. A 22 year old male was diagnosed 
during childhood as having myotonia dys- 
trophica. He had a four year history prior to 
admission of severe recurrent crampy ab- 
dominal pains associated with either diarrhea 
or black stools occuring one to three times per 
week and occasionally lasting one to two days. 
One month prior to admission, a barium enema 
examination revealed a markedly redundant 
and dilated sigmoid colon with a volvulus 


* From the Department of Radiology, Mount Sinai Hospital, and Mount Sinai School of Medicine, City University of New York, 
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Fic. 1. Case 1. (4) Plain roentgenogram of the abdomen shows marked dilatation of the colon from the 
hepatic flexure to the sigmoid. The left colon is relatively ahaustral. The ascending colon is normal in 


caliber. There is no small bowel distention, (B) 


Barium enema examination performed two days later 


demonstrates a dilated, ahaustral colon from the splenic flexvre to the sigmoid with the transverse colon 
normal in caliber on this roentgenogram. The right colon is normal and contains fecal matter. (C) Spot 
view of the sigmoid demonstrates smooth narrowing of the sigmoid colon which merges smoothly and im- 
perceptibly with the normal rectum and dilated descending colon. (D) Post evacuation roentgenogram 
shows normal contractility of the sigmoid with normal mucosa. The descending colon is less dilated. (£) 
Upper gastrointestinal series shows a transverse stomach wi-h partial organoaxial rotation. The jejunal 
loops are dilated. The left colon (arrows) is still seen. (F) Examination six hours after the barium meal 
study shows all the barium now in the colon. The distended left colon does not retain barium. 


which could be reduced with sigmoid intuba- 
tion. The patient entered Mount Sinai Hospital 
for elective resection of the megasigmoid. 
Pulmonary function studies revealed a slight 
decrease in ventilatory capacity with a marked 
decrease in maximal voluntary ventilation. 
The electrocardiogram was normal. Biopsies of 
the thenar eminence and gastrocnemius mus- 
cles, and an electromyogram were positive for 
muscular dystrophy. Pertinent physical find- 
ings included frontal baldness, testicular atro- 


phy, ptosis, and atrophy of the muscles of 
the distal extremities and myotonia. 

A barium enema examination performed 
prior to surgery revealed a dilated colon from 
the hepatic flexure to the rectum. The sigmoid 
was markedly redundant and partially rotated 
on itself. A narrowed segment in the sigmoid 
represented one limb of the volvulus. The 
retrograde filling of the colon was slow and in- 
complete (Fig. 24). An upper gastrointestinal 
series performed one year earlier revealed a 
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markedly dilated stomach without obstruction. 
Examination obtained five hours after the 
barium meal examination showed most of the 
barium within the jejunum and proximal ileum 
indicating a slow transit (Fig. 2, B and C). 


Case 111. A 54 year old female was diagnosed 
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Fic. 2. Case 11. (4) Barium enema examination 
reveals a colon dilated beyond the hepatic 
flexure. The sigmoid is redundant and par- 
tially rotated on itself. The narrow pointed 
segment (arrow) in the sigmoid represents 
the site of volvulus. (B) Upper gastrointesti- 
nal series reveals marked gastric distention, 
poor peristalsis and no obstruction. Also 
noted is dilatation of the gas filled left colon 
(arrow). (C) Roentgenogram obtained five 
hours later demonstrates delayed transit. 
The small bowel is normal in caliber, but 
contains a fair amount of swallowed air. Re- 
sidual barium is present in the stomach. 


as having a progressive muscular dystrophy at 
age 40. In addition to complaints referrable 
to weakness of the muscles in her extremities, 
she also had a six year history of recurrent 
episodes of acute abdominal pain associated 
with bloating and constipation. Three weeks 
prior to admission, she developed a left lower 
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lobe pneumonia. Pertinent physical findings 
included atrophy of the proximal skeletal mus- 
cles including the chest, resulting in slight diff- 
culty in breathing which required the use of 
accessory respiratory muscles. 

Barium enema examination performed one 
week prior to admission during an acute episode 
of abdominal pain and distention disclosed a 
sigmoid volvulus. This was reduced by rectal 
intubation. The patient was admitted for elec- 
tive resection because of recurrent volvulus. A 
plain roentgenogram of the abdomen prior to 
surgery showed distention of the colon with 
retention of barium if the descending colon 
from the barium enema examination performed 
one week before. The retained barium was 
above the site of obstruction even though the 
tip of the rectal tube was beyond the site of the 
volvulus. A skull roentgenogram disclosed 
hyperostcsis frontalis interna. 

The resected sigmoid was dilated. Histologic 
study did not disclose a significant amount of 
muscle atrophy or fibrous replacement even 
though clinical and electromyographic studies 
were consistent with muscular dystrophy. One 
month following resection of the sigmoid, the 
patient was readmitted for a partial small 
bowel obstruction and was treated successfully 
with a Cantor tube (Fig. 3). 


Case 1v. A 44 year old female developed 
facioscapulohumeral type of muscular dys- 
trophy at age ten. Her abdominal complaints 
began five years before admission with choleli- 
thiasis and cholecystititis. She underwent a 
cholecystectomy. A barium enema examination 
performed at the time of this surgery revealed 
marked dilatation of the right colon. Two 
months after the gallbladder surgery, the pa- 
tient was treated for intestinal obstruction 
conservatively by a long tube. Other gastro- 
intestinal complaints included left lower quad- 
rant crampy pain relieved by defecation and 
constipation alternating with diarrhea and 
passage of mucus. Because of complaints of 
severe abdominal pain the patient was ad- 
mitted to Mount Sinai Hospital. Positive phys- 
ical findings included atrophy and weakness of 
the proximal muscles of the upper extremities, 
face, and pelvis. The deep tendon reflexes were 
absent. The patient’s abdominal complaints 
subsided following antispasmodic treatment. A 
barium enema examination at this time re- 
vealed an ahaustral megacolon which showed 
poor evacuation (Fig. 44). A chest roentgeno- 
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Fic. 3. Case 11. A small bowel study performed 
through a Cantor tube one month postsigmoid re- 
section for recurrent volvulus reveals slight widen- 
ing of the small bowel. There is no obstruction at 
this time. Typical findings of obstruction were 
seen on a flat plate of the abdomen one week prior 
to this examination. The left colon outlined by con- 
trast medium is dilated and contains air and a 
consicerable amount of fecal matter (arrows). 
The nght colon is less wide. Pseudosacculation is 
seen at the splenic flexure. 





gram demonstrated recurrent subluxation of 


both shoulders (Fig. 48). 


Cass v.* A 27 year old male was diagnosed 
as having myotonia dystrophica six years 
prior to the current admission. Gastrointestinal 
complaints began five years earlier and con- 
sisted of recurrent episodes of colicky perium- 
bilical pain associated with black stools and 
diarrhea. Because of the increasing severity 
of the abdominal symptoms, the patient was 


* This case has been published recently as a single case.’ 
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Fic. 4. Case rv. (4) A barium enema examination in 
a patient with facioscapulohumeral type of mus- 
cular dystrophy reveals an ahaustral dilated colon. 
The dilatation is more in the transverse colon and 
cecum. (B) A chest roentgenogram reveals bilat- 
eral subluxation of the shoulders (arrows). 


admitted. Other major complaints included 
mild dysphagia and urinary incontinence. A 
past history of recurrent upper respiratory in- 
fection was also obtained. Major physical 
findings included frontal baldness, weakness 
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and atrophy of the muscles of the forearm, face, 
and neck. Cranial nerves eight to eleven were 
also involved. Myotonia was evident clinically 
and was confirmed by electromyographic study. 
Pulmonary function studies indicated a dis- 
turbance in ventilation with a ventilatory 
capacity of 73 percent and a maximal voluntary 
ventilation of 61 percent. A small bowel series 
showed dilated loops with a delayed transit. 
Barium enema examination demonstrated a 
markedly redundant and dilated sigmoid colon 
associated with an incompletely obstructing 
sigmoid volvulus (Fig. 5). The patient under- 
went elective resection. The postoperative 
course was uneventful. 


DISCUSSION 


The muscular dystrophies are consid- 
ered to be a group of clinically well defined 
genetic and biochemical syndromes char- 
acterized by abiotrophy of skeletal muscle 
i.e., degeneration and atrophy after a latent 
period of apparently normal development 
and function. The classification of dys- 
trophic muscular disease (Table 1) 1s at 
present based upon genetic and clinical 
patterns,” since the primary pathogenesis 
of the subdivisions is unknown.! 

Excluding pharyngeal and upper esopha- 
geal impairment which is a disorder of 
striated muscle, only myotonia dystrophica 
(Steinert’s disease) has been implicated 
with smooth muscle dysfunction of the gas- 
trointestinal tract.56 89% 12,21,22,25 Ą distur- 
bance in the swallowing mechanism is 
related to reduced amplitude of the 
pharynx and upper esophagus as well as 
prolonged relaxation shown by manometric 
and cineradiographic studies. This results 
in failure to clear barium adequately from 
the valleculae and pyriform sinuses with 
occasional tracheal aspiration and nasal 
regurgitation. 9:71:74 

Symptcems of dysphagia, regurgitation, 
and heartburn reported frequently in myo- 
tonia dystrophica are related to weak and 
ineffectual lower esophageal peristalsis in 
association with the dysfunction of the 
lower esophageal sphincter and of the skele- 
tal musculature of the pharynx, crico- 
pharyngeus and upper esophagus.®” The 
esophagus may be dilated, may demon- 
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strate poor stripping of the barium meal, 
or may show delay in passage of barium 
through the esophagogastric junction. 

The stomach is affected by muscular dys- 
function as shown by reports of acute gas- 
tric dilatation and atony. The peristaltic 
activity is less during the acute phase and 
may be absent, diminished, or altered in 
quality along with some degree of dilata- 
tion, 1° 

The higher incidence of gallbladder dis- 
ease and cholelithiasis in myotonia dys- 
trophica is considered to be the result of 
impaired contraction and emptying of the 
gallbladder.®8 However, this increased inci- 
dence is not resolved, since similar dilata- 
tion and poor contractility seen following 
vagotomy are not associated with a high 
incidence of cholelithiasis. 

Malabsorption and chronic small bowel 
dilatation and stasis have also implicated 
smooth muscle dysfunction in myotonia 
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Fic. 5. Case v. Barium enema examination demon- 
strates a markedly dilated and redundant left 
colon with a partial sigmoid volvulus. 
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TABLE Í 


CLASSIFICATION OF TYPES OF PROGRESSIVE 
MUSCULAR DYSTROPHY” 











I. “Pure” Muscular Dystrophy 
A. X-linked—severe (Duchenne type) 
benign (Becker type) 
B. Autosomal recessive 
limb-girdle 
childhood muscular dystrophy (except Du- 
chenne) 
congenital muscular dystrophy 
C. Facioscapulohumeral muscular dystrophy 
D. Distąl muscular dystrophy 
Ocular muscular dystrophy 
. Oculapharyngeal muscular dystrophy 
II. Cases with Myotonia 
A. Myotonia congenita (Thomson’s disease) 
B. Myotonia dystrophica (Steinert’s disease) 
C. Paramyotonia congenita (Eulenberg’sdisease) 


rJ bd 


dystrophica with symptoms similar to a 
blind loop syndrome or to those seen in 
collagen diseases.: 1”! 

Recurrent episodes of crampy abdominal 
pain, diarrhea, obstipation, or a combina- 
tion of these, associated with the presence 
of megacolon are also well recognized.? 7:12:20 

Megacolon with or without complica- 
tions such as obstruction, perforation, or 
volvulus may also be seen with Hirsch- 
sprung s disease, Chagas’ disease, sclero- 
derma, dermatomyositis, diabetes, amy- 
loidosis, myxedema, in schizophrenia and 
following the use of drugs such as anti- 
cholinergics, artane and ganglionic block- 
ers. Idiopathic intestinal pseudo-obstruc- 
tion is also recognized.'® 

Volvulus of the left colon in the absence 
of muscular dystrophy usually occurs in 
later life, and is often related to a redun- 
dant swmoid with a narrow mesocolon. 
Volvulus was present in three of our pa- 
tients who were 22, 27 and 54 years old. 
This complication should not be surprising 
since decreased motor function may be 
noted tiroughout the rest of the gastroin- 
testinal tract. The dilated and atonic seg- 
ment, like a fluid containing sac, is apt to 
twist and compromise its own blood supply. 
This further increases the degree of ob- 
struction, and if unrelieved results in gan- 
grene and perforation. 


ae 
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TABLE IT 


GASTROINTESTINAL ROENTGEN FEATURES OF 
THE MUSCULAR DYSTROPHIES 


Pharynx: weak or absent cricopharyngeus sphincter 
positive vallecular sign 
aspiration 
Esophagus: decreased, uncoordinated, or non-peri- 
staltic stripping 
dilated esophagus 
delay at the esophagogastric Junction 
Stomach: distention, atony, altered peristalsis 
Small bowel: obstruction, malabsorption, ileus 
Colon: dilatation, pseudo-obstruction, volvulus 
Gallbladder: decteased contractability, increased in- 
cidence of cholelithiasis 


.A more recently reported roentgen fea- 
ture of. myotonic dystrophy stressed seg- 
mental narrowing rather than dilatation of 
the sigmoid colon. This was present in all 
of our patients. The etiology of this fea- 
ture is not known.” It is not quite clear 
if this segmental narrowing is real or is only 


_ apparent, relative to the dilated colon 


above. Functionally, this narrowed or 
transitional segment’ shows normal con- 
tractility and smooth distention indicating 
intact smooth muscle and neuro-muscular 
function. It is unlike the behavior pattern 
of a dilated abnormal segment. The in- 
volved segment may show irregular, dis- 
organized and ineffectual contraction. If 
segmental narrowing is a true hypercon- 
tractile phase, then one must conclude that 
another form of smooth muscle involve- 
ment may be present, consisting of a hyper- 
active state or a delayed relaxation. A 
similar state has not been seen nor reported 
in any other viscus. Analysis of additional 
material may clarify this point. 

Pathologic examination of the smooth 
muscle in the dilated part of the gastroin- 
testinal tract in patients with muscular 
dystrophy has been limited. An often cited 
reference of a histologic study in four pa- 
tients with progressive muscular dystro- 
phies revealed atrophy of the muscle cells, 
edema, fibrosis and normal neural elements; 
these are not pathognomonic of muscular 
dystrophy. 
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The onset of gastrointestinal dysfunc- 
tion, particularly small or large bowel dis- 
tention, is often initiated by an acute stress 
such as trauma or illness. This was present 
in two of our patients who had pneumonia 
and cholecystitis shortly before the onset 
of their acute phase of colon distention. 
Except for volvulus, the mechanism of 
acute symptoms has not been explained. 
Additional factors may be the onset of 
acute dilatation of the viscus in association 
with a pre-existing, chronic distention. 
Alternately, it may be the resistance 
offered by the transitional segment to a 
hypo- or aperistaltic segment located 
proximally. 

The fact that smooth muscle dysfunc- 
tion occurred among muscular dystrophy 
patients without myotonia dystrophica 
further broadens the pathologic: manifes- 
tations of progressive muscular dystrophy, 
and therefore the recognition that muscu- 
lar dystrophy is a disorder of both skeletal 
and smooth muscle. 

A summary of the above gastrointestinal 
roentgen features of the muscular dystro- 
phies is presented in Table 11; and the extra- 
gastrointestinal roentgen features, which 
are more commonly recognized, are summa- 


rized in Table 111. 


TABLE HI 


EXTRA-GASTROINTESTINAL ROENTGEN FEATURES 
OF THE MUSCULAR DYSTROPHIES?! 


Skull cranial hyperostosis, even in males; small ` 
sella turcica, increase in size of sinuses, small basal 
angle; hypotelorism; small nasal angle 

Heart: size usually normal (may develop features of 
failure secondary to conduction disturbances) 

Lungs: increased incidence of pneumonia (infectious, 
aspiration) secondary to pharyngo-escphageal 
dysfunction, alveolar hypoventilation (related to 
decrease diaphragm excursion, weakness of chest 
musculature, and altered central nervous system 
respiratory mechanism), or both 

Genitourinary: atonic bladder with urinary reten- 
tion 

Musculo-skeletal2* replacement of muscle by fat 
with loss of volume. Secondary involvement of 
bone with atrophy, demineralization, and con- 
tractures 
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Recognition by the radiologist of all the 
systemic and roentgen features of patients 
with muscular dystrophy is important not 
only to provide proper diagnosis for better 
patient management in known dystrophy 
patients, but even to suggest the correct 
diagnosis if the obvious skeletal and neuro- 
muscular pathology is not fully apparent. 


Mansho T. Keilnani, M.D. 
121 East 6oth Street 
New York, New York 10022 
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TRANSIENT POST-VAGOTOMY DYSPHAGIA: 
A DISTINCT CLINICAL AND 
ROENTGENOGRAPHIC ENTITY* 


By LEE F. ROGERS, M.D. 


CHICAGO, ILLINOIS 


ABSTRACT: 


Dysphagia is a relatively infrequent complication of vagotomy in the postoper- 
ative period. The most common form is a transient post-vagotomy dysphagia which 
requires no treatment other than the temporary exclusion of solid foods. Accurate 
diagnosis is possible on the basis of clinical history and typicak roentgenographic 
findings. The onset of dysphagia characteristically occurs with the first ingestion of 
solid foods on the seventh to fourteenth postoperative days. A barium swallow 
examination reveals persistent tapered narrowing of the terminal three to four centi- 
meters of the esophagus. Most cases are relieved in two to six weeks without clinical 
or roentgenographic residua. Five cases of transient postvagotomy dysphagia are 


presented. 


AGOTOMY is a surgical procedure at- 

tended by a low morbidity. Dysphagia 
is a complication of vagotomy in the early 
postoperative period. Many physicians are 
unaware of this possibility. When it does 
occur, therefore, it may be particularly 
vexing to the surgeon and a source of 
considerable anxiety for the patient. The 
most common cause of dysphagia in the 
early postoperative period is of a transient 
nature requiring no treatment other than 
temporary exclusion of solid foods. An ac- 
curate diagnosis is therefore desirable since 
it precludes the necessity of more aggres- 
sive forms of intervention. The diagnosis 
can be suggested on the basis of typical 
roentgenographic findings. 

The occurrence of abnormal esophageal 
motility following bilateral vagotomy was 
noted by Cannon® in 1906. The first case 
report of this complication was by Moses!° 
in 1947. The reported incidence! of dys- 
phagia after transabdominal vagotomy has 
ranged from less than one percent to as 
high as 14 percent, most series reporting an 
incidence of three percent or less.” 1! 

The dysphagia is first noted between 
seven and 21 days following surgery;! 


usually at the time solid foods are first in- 
troduced into the diet. The dysphagia is 
not accompanied by pain. The obstruction 
of the esophagus is rarely complete. Most 
patients have noted spontaneous recovery 
within four to eight weeks. 


MATERIAL 


This series consists of five cases, four 
males and one female ranging in age from 
32 to 71 years. All patients underwent a 
transabdominal vagotomy for ulcer dis- 
ease. In two a Bilroth 1 partial gastrectomy 
was performed and in three a pyloroplasty. 
Two patients also underwent simultaneous 
cholecystectomy. The time of onset of dys- 
phagia varied from the seventh to the fif- 
teenth postoperative day. In each case it 
was painless and associated with the initial 
ingestion of solid foods. Treatment con- 
sisted of temporary dietary exclusion of 
solid foods in each case and single passage 
of a number 18 Levin tube in one case 
(Case 1) and a single bougienage to a num- 
ber 48 French bougie in another (Case 111). 
The symptoms were completely relieved in 
all patients in ten to 30 days. The clinical 
findings are summarized in Table 1. 


* From the Department of Radiology, The McGaw Medical Center of Northwestern University, Chicago, Illinois. 
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TABLE Í 


CLINICAL SUMMARY 
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Onset of ad 
Operation Dysphagia RIOR 
Case Age Sex Treatment of 
Performed Post- ee EE 
operative yspnag 
I 38 F Cholecystectomy 1§ days Passage single Levin tube No. 18 and diet 20 days 
Vagotomy 
Pyloroplasty 
I 39 M Vagotomy 10 days Diet only 30 days 
Pyloroplasty à 
& 
a a a ee Ne e ee ee ee 
I 36 M Vagotomy 1o days Single bougienage to 48 French and diet 14 days 
Bilroth 1 
RS A A EEO a a i E N E E 
ivo 32 M Vagotomy 12 days Diet only 10 days 
Bilroth 1 
Yo gi M Cholecystectomy 7 days Diet only 13 days 
Vagotomy 
Pyloroplasty 


Se 


ROENTGENOGRAPHIC FINDINGS 


The typical roentgenographic finding is 
a smooth, tapered, persistent, narrowing of 
the distal three to four centimeters of the 
esophagus. The lumen in the narrowed seg- 
ment measures two to four millimeters in 
its transverse diameter (Fig. 1, 4-D; 2, 4 
and B; and 3, 4 and B). There may be 
slight dilatation of the esophagus proximal 
to the narrowed segment. The motility 
proximal to the narrowed segment is nor- 
mal. The offending bolus of solid food may 
be identified within the barium column at 
the site of tapering (Fig. 14; 24; and 34). 


ETIOLOGY 


This condition is the result of denerva- 
tion of the lower esophageal segment. 
Previous investigations have revealed that 
a high sectioning of the vagus nerves in 
dogs and other experimental animals re- 
sults in a disorder of the esophagus which 
mimics achalasia. When the vagus 
nerves are sectioned, the denervated lower 
esophageal segment fails to relax in re- 
sponse to swallowing. This has been de- 
scribed as post-vagotomy achalasia! or 


cardiospasm.>:*4 Although these terms 
suggest that the lower esophageal segment 
is denervated and fails to open, they er- 
roneously imply that the motility of the 
proximal esophagus is also disturbed. This 
is not the case. Only the motility of the 
lower esophageal segment is affected. These 
terms are, therefore, misleading and inap- 
propriate. 

Esophageal manometric studies in af- 
fected patients! substantiate the failure of 
the lower esophageal segment to relax in 
response to swallowing. Instead of relaxing, 
the bzsal resting pressure of the lower 
esophageal segment is maintained. Serial 
manometric examinations reveal that this 
is a transient phenomenon. When the pa- 
tient is asymptomatic the manometric ex- 
amination returns to normal, demonstrat- 
ing a reduction in the pressure of the lower 
esophazeal segment in response to swallow- 
ing. 

It is of interest to note that Postlethwait 
et al.” performed esophagograms on 15 
asymptomatic patients within ten days 
after vagotomy. Five showed persistent 
narrowing of the lower esophagus similar to 
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that described in patients with dysphagia. 

The incidence of dysphagia following 
transthoracic vagotomy, as reported by 
Grimson eż al., is a rather high 36.8 per- 
cent. In the transthoracic approach the 
vagus nerves are sectioned in a more proxi- 
mal location when compared to the trans- 
abdominal approach. This results in a 
longer denervated segment and may ac- 
count for the higher incidence of dysphagia. 
The available experimental studies of 
vagus resection, esophageal motility studies 
and similar transient effects of vagotomy 
on the stomach and small bowel seem to be 
sufficient proof that this condition is sec- 
ondary to vagal denervation alone. 


TREATMENT 


In most cases no treatment other than 
the dietary exclusion of solid foods is nec- 
essary. A temporary reversion to a liquid 
and soft diet is all that is required. Within 
ten to 20 days after the onset of dysphagia 
the patient can be returned to a full solid 
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Fic. 1. Case 1. (4) Thirty-eight year old female. Esophagogram four weeks prior to surgery. The lower 
esophageal segment is of normal caliber. (B) On the 15th postoperative day she experienced dysphagia 
following ingestion of meat. The bolus is identified as a filling defect. The lower esophageal segment is 
narrowed with tapered proximal margins. (C) The bolus has been dislodged and the narrowed segment is 
shown to better advantage. (D) The dysphagia was relieved in 20 days. This esophagogram was obtained 
eight months following surgery. The lower esophageal segment functions normally. 


food diet in most cases. Although bougie- 
nage has been utilized in the treatment by 
others and was utilized in Case 111 in this 
series, most authors concur that such treat- 
ment should rarely be necessary. It is re- 
served for only those patients who fail to 
respond to the more conservative, simple 
expedient of exclusion of solid foods. When 
dilatation is deemed necessary, it is likely 
that only a single bougienage, utilizing a 
series of mercury weighted bougies, will be 
required. This was the treatment given in 
Case Ill. 


DIFFERENTIAL DIAGNOSIS 


Should the symptoms fail to respond to 
those measures outlined above one should 
consider the possibility of other, less fre- 
quent, disorders that may affect the 
lower esophageal segment following vagot- 
omy.?:*2 These conditions are: periesopha- 
geal fibrosis, postoperative esophagitis, and 
intramural hematoma of the lower esopha- 
geal segment. 
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Periesophageal fibrosis is a rare complica- 
tion following vagotomy.”? The onset of 
dysphagia in these cases occurs later than 
that due to vagal denervation. The dys- 
phagia is accompanied by pain referred to 
the lower esophageal region. These symp- 
toms are first noted with the ingestion of 
solid food but may be progressive. Subse- 
quently, the ingestion of soft foods and 
even liquids may also be associated with 
dysphagia. The esophagogram in perieso- 
phageal fibrosis reveals a narrowing of the 
distal esophagus with delayed emptying of 
the esophagus, quite similar to that seen in 
vagal denervation. At esophagoscopy or 
bougienage there is a marked increase in 
resistance to passage of the instrument 
through the narrowed zone. Such resistance 
is usually not encountered in vagal dener- 
vation.’ At esophagoscopy the mucosa in 
the involved segment is normal, as it is in 
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Fic. 2. Case 11. (4) Thirty-nine year old male first 
noted dysphagia on the tenth postoperative day 
following the ingestion of solid food. The esophago- 
gram was obtained on the 35th postoperative day 
when symptoms increased following the ingestion 
of meat. Note the bolus just proximal to the nar- 
rowed distal segment. A thin trickle of barium 
passes beyond the bolus. (B) Case 111. A 36 year 
old male who first noted dysphagia on the tenth 
postoperative day. The esophagogram reveals a 
narrowed distal segment with tapered proximal 
margins. 
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Fic. 3. Case tv. (4) A 32 year old male noted dys- 
ee following the ingestion of meat on the 
twelfth postoperative day. A lateral view of the 
barium filled esophagus reveals the offending 
bolus just proximal to the tapered narrowing of the 
distal segment. (B) Case v. A 71 year old male 
noted dysphagia seven days following a transab- 
daminal bilateral vagotomy, pyloroplasty, and 
cholecystectomy. The distal segment of the 
esophagus is narrowed with tapered proximal 
margins. 


the vagal denervation. Esophageal motility 
studies are able to distinguish the dys- 
phagia of periesophageal fibrosis from that 
associated with vagal denervation.!” These 
studies demonstrate a relatively normal 
relaxation of the lower esophageal segment 
in response to swallowing. This is in con- 
tradistmction to vagal denervation wherein 
the resting pressure is maintained in re- 
sponse to swallowing. Repeated dilatations 
are necessary in order to overcome the 
periesophageal fibrosis and restore normal 
swallowing. On occasion the fibrosis has 
been sc extensive that an operation is re- 
quired to move the fibrotic collar about the 
lower esophageal segment.’ 

Dy ‘sphagia due to postoperative esopha- 
gitis is even more infrequent.?? This condi- 
tion prcbably results from a combination of 
operative manipulation and postoperative 
nasogastric intubation. The symptoms are 
said to arise early in the postoperative 
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course prior to the initiation of solid food 
diet, and dysphagia is accompanied by 
pain. Esophagograms demonstrate narrow- 
ing of the distal esophageal segment. On 
endoscopy the esophageal mucosa is in- 
flamed, thus distinguishing this condition 
from other causes of post-vagotomy dys- 
phagia. The treatment is similar to other 
forms of esophagitis. 

An intramural hematoma of the lower 
esophageal segment has been described as 
a cause of dysphagia following. transab- 
dominal vagotomy. Dysphagia was first 
noted on the seventh postoperative day 
with solid foods but progressed very 
rapidly to a total inability to swallow even 
liquids. Esophagoscopy and studies with 
barium demonstrated dilatation of the 
proximal esophagus and a tapered narrow- 
ing of the distal segment. At operation, a 
mass was found in the wall of the esophagus 
which proved to be an organizing hema- 
toma. The progressive nature of the dys- 
phagia and the rigid narrowing of the lower 
esophageal segment is identified by endo- 
scopy, differentiate an intramural hema- 
toma from transient vagal denervation. It 
is unlikely that one could distinguish be- 
tween an intramural hematoma and peri- 
esophageal fibrosis short of surgical inter- 
vention. 

Department of Radiology 
The McGaw Medical Center of Northwestern 

University 
303 East Chicago Avenue 
Chicago, Illinois 60611 
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LOCALIZATION WITH THE EMI SCANNER* 


By DAVID NORMAN, M.D.,t and THOMAS H. NEWTON, M.D. 
SAN FRANCISCO, CALIFORNIA 


ABSTRACT: 


Accurate localization of lesions seen on computerized tomographic scans obtained 
with the EMI unit is often difficult due to a paucity of reliable landmarks and to vary- 
ing head angulation. A simple and accurate system of transposing the location of any 
particular lesion to a roentgenogram obtained with the scanner tube is described. 


RECISE anatomic localization of cere- 

bral masses on transverse sections de- 
rived from computerized tomographic brain 
scans (EMI) is often difficult. We have de- 
vised a method to localize the plane and 
locus of such lesions. 

The anatomic localization of lesions on 
the computerized tomographic (CT) scan 
depends on their relation to anatomic land- 
marks within a given section. The most 
readily available points of reference are the 
ventricular system and the cisterns. In our 
experience, this approach has been unsatis- 
factory, especially in patients with lesions 
measuring less than 2 cm in diameter. 

One of the difficulties in precise localiza- 
tion on CT scans is the absence of calvarial 
landmarks that can serve as reference 
points on any single tomographic section. 
Structures at the base of the skull are 
poorly defined because the computer algo- 
rithm cannot handle major tissue density 
transitions. With CT brain scanning, trans- 
verse sections of the brain are obtained in 
relation to Reid’s baseline (infraorbital- 
meatal line). The head is angled at o° to 
this line when the areas of interest are the 
orbits or supratentorial structures. If the 
posterior fossa is to be examined, the head 
is angled at +15 to +20°. The true angle of 
inclination of the skull is often uncertain 
because anatomic landmarks are obscured 
by the head box. In addition, the angula- 
tion may vary from that originally in- 
tended or measured because of motion by 
the patient during the examination. Such 


variation may alter the apparent site of the 
lesion on‘the scan and result in misleading 
information (Fig. 1). 

The problem of localization of small le- 
sions 1s resolved by obtaining lateral or 
frontal and lateral skull roentgenograms 
while the patient is in the scanning position. 
The roentgenogram is obtained in the 
follow ng manner. A vacuum cassette,* 
loaded with Par-speed film placed between 
two 8X10 high-speed screens is taped to 
the side of the plexiglass water box opposite 
the tube (Fig. 2). The gantry is rotated 90° 
from ics starting position, thus placing the 
tube perpendicular to the sagittal plane of 
the skull (Fig. 3). The index switch at the 
rear o- the motor control is placed in the 
off position. Bypass test switches in the 
computer rack labelled “computer ready” 
and “scanner at start” are set in the down 
or bypass position. The scanner is started 
at the 33 mA and 120 KV settings used for 
routine scanning. The tube is permitted 
two linear passes and the scan is then 
aborted. During these two passes the gan- 
try does not rotate. The chair or table is 
then shifted 3.5 cm and the scanner is 
started again and aborted after two passes. 
This process is repeated three more times 
to obtain a complete lateral exposure of the 
skull (41g. 44). The same procedure may 
be repeated in the frontal plane if desired. 
For adequate exposure in this projection, 
three passes of the tube are required at 


* Cronex vacuum bags for low-dose mammography (Dupont). 


* From the Department of Radiology, University of California, San Francisco, California. 
t Academic Trainee in Diagnostic Neuroradiology. Supported by grant NSC 5603 from the National Institutes of Health, United 


States Public Health Service. 
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Fic. 1. A 51 year old woman with known left frontal glioma. (4) Scan performed with the head angled at o° 
to Reid’s baseline. (B) Scan performed with head angled at 20° to Reid’s baseline. Note the apparent an- 
terior shift of the lesion when angulation of the head is increased. Both scans are performed with contrast 
enhancement. 





Fic. 2. (4) Placement of vacuum cassette and (B) 
cassette in place, taped to the side of the plexi- 
glass water box. 
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Fic, 3. Gantry in position to obtain lateral localizing roentgenogram. The 


roentgen-ray tube is at 90° to the sagittal plane of the skull. 


each 3.5 cm interval (Fig. 4B). 

The resultant roentgenogram of the skull 
is not of sharp detail because of the linear 
motion of the tube and the large focal spot. 
The vacuum cassette permits film abut- 
ment to the edge of the scanning-box so 


that calvarial landmarks corresponding to 
the plane of the first section are included. 
Ordinary film cassettes are unsatisfactory 
because there is a distance of approximately 
I cm between the edge of the film and the 
edge of the cassette. 





Fic. 4. (4) Lateral and (B) frontal localizing roentger.ograms with'parallel lines drawn to represent scan 
intervals. Cross-hatched area represents a localized lesion described in F igure 5, 4 and B. 
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Fic. 5. (4) A 28 year old man with known Hodgkin’s disease. Computerized tomographic scan performed 
with contrast enhancement demonstrated on section 4B a 1.5 cm area of increased uptake in the medial 
aspect of the right occipital lobe. At surgery this lesion proved to be a toruloma. (B) Diagram of scan 
4B. A line (A-A’) is drawn from the center of the lesion perpendicular to the line (B-B’) drawn tangential 
to the posterior outer table of the calvarium. The distance A-A’ measures 1.1 cm. This distance IS 
multiplied by the 3.3 Polaroid minification factor and is transposed to the localization film on plane 4B. 
On the frontal localizing film the parasagittal location of the lesion is transposed from the scan to the 


film in a similar manner. 


The film magnification factor in the 
cephalocaudad direction is 1.08. Parallel 
lines drawn from the base of the roentgeno- 
gram to represent each 1.3 cm section are 
therefore drawn at 1.4 cm intervals (1.08 
1.3). When the 0.8 cm cone is employed, 
the resultant distance between constructed 
parallel lines is 0.87 cm (1.08 <o0.8) (Fig. 4). 
Clear plastic overlays with the lines drawn 
at appropriate intervals will facilitate this 
process. An alternative is to place a thin 
sheet of plexiglass with tantalum wires 
embedded at appropriate spacing between 
the cassette and the water box so that the 
lines are imposed upon the roentgenogram 
at the time of exposure. On our unit the 
minification of the Polaroid image in rela- 


tion to the normal anteroposterior dimen- 
sion of the head is 3.3. This factor is used in 
transposing measurements from the Polar- 
oid image to the localization film (Fig. 5, 4 
and B). 

The described technique has been per- 
formed on a series of patients who subse- 
quently underwent surgical intervention 
for lesions measuring as little as 1 cm. The 
roentgenograms have proved to be accurate 
and invaluable in enabling the surgeon to 
localize the lesion. 


David Norman, M.D. 
Department of Radiology 
University of California 

San Francisco, California 94143 
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BONE TUMOR IMAGING BY SCINTIGRAPHY OF THE 
SKELETON, MARROW RETICULOENDOTHELIAL 
SYSTEM, AND THE PROLIFERATIVE TISSUE* 


By SHINICHI OKUYAMA, M.D., Pxu.D., YASUHIXO ITO, M.D., Pu.D.,t TAKAYUKI 


AWANO, M.D., HARUTSUGU YAMAURA, 


M.D., Pu.D., SHUMPEI TAKEDA, 


M.D., TACHIO SATO, B.S., and TAIJU MATSUAWA, M.D., Pu.D. 


SENDAI, JAPAN 


ABSTRACT: 


Paralleled clinical studies of radioisotopic imaging or tumor metastases in the 
bone were undertaken with Tc’ pyrophosphete,- Ga citrate, and Tc®™ sulfur 
colloid. All three were capable of anticipating the bone roentgenograms. A critical 
analysis suggested that positive delineation with Ga® citrate would sometimes be 
superior to the others. This deserves further investigation. Clinically the combined 
use of Tc? pyrophosphate with Ga® for the chest areas and extremities or with 
Tc colloid for the pelvic and abdominal areas would be more fruitful in early de- 
tection and exact localization of bone metastases. 


CINTIGRAPHIC delineation cf bone 

metastases of cancer may be achieved 
in different ways, each involving a dif- 
ferent mechanism of radioisotopic deposi- 
tion: (a) skeletal imaging with increased 
deposition in areas of active bone reaction 
and increased blood supply or absence of 
deposition in areas of bone defect;!° (b) 
reticuloendothelial (RE) imaging of the 
bone marrow in which the RE cells are 
displaced by the expanding tumor cells 
resulting in a reduced to absent radioiso- 
topic concentration, indicative of tumor 
growth;® and (c) the so-called tumor im- 
aging with various tumor affinitive radio- 
pharmaceuticals with which a tumor can 
be delineated with or without accompany- 
ing skeletal imaging.” 

Employing parallel studies with different 
radiopharmaceuticals, the present com- 
munication is intended to obtain insights 
into the prospects and possible limitations 
of these bone tumor imagings. At this time, 
bone tumor imaging with Ga” citrate ap- 
pears to be the easiest and most prospective 
because of its tumor affinity as well as its 
affinity for bone. Such a technique 


would be of use in precisely delimiting 
fields of teletherapy or planned surgery.” 


MATERIAL AND METHOD 


Figiteen patients with proved or sus- 
pectec secondary bone neoplasms were 
studiec. All were examined at the Hospital 
of the Research Institute for Tuberculosis 
and Cancer, Tohoku University, Sendai, 
Japan. In most cases, the histopathological 
diagnoses were established from surgical 
biopsy or sputum cytology. In five cases, 
the diagnosis of malignancy was demon- 
strated by roentgenological signs or other 
clinical and laboratory findings. 

Tc** pyrophosphate was prepared ac- 
cording to the method of Cohen et a/.4 The 
preparation of vial kits containing sodium 
pyrophosphate and tin chloride was em- 
ployed (Tc PRP{). One to two hours 
after intravenous administration of 3-5 
mC. of this agent, the lesions were scanned 
or scintigraphed. 

Ga™ citratet was intravenously injected, 
and the bone tumor imaging was carried 


ł Daiichi Radioisotope Laboratory, Tokyo, Japan. 


* From the Department of Radiology and Nuclear Medicine, The Research Institute for Tuberculosis and Cancer, Tohoku Uni- 


versity, Sendai, Japan. 


t Present Address: Department of Radiology, Division of Nuclear Mediciae, Kawasaki Medical College, Kurashiki, Okayama, 


Japan. 
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out: two days later. The dosage used was 
1.5-2.0 mCi, ` 

Tc°™ bleomycin. Radioisotopic labeling 
of bleomycin was performed as described by 
Mori ef alt! Briefly, 15 mg of bleomycin§ 
were dissolved in the mixture of 5 ml Tc®™ 
peftechnetate and 0.05 ml dilute tin chlo- 
ride (5 mg/ml), and it was allowed to react 
for five minutes at room temperature. 
Excessive tin was removed by the addition 
of ascorbic acid. The final pH was- adjusted 
to 7.0 with bicarbonate solution. Millipore 
filtration with a sheet of filter membrane 
of 0,22 um pore size removed the precipi- 
tated tin and contaminating microorga- 
nisms. This labeling was proved to be 96 
percent efficient. The dosage used was 
3-10 mCi. The amount of bleomycin was 
s mg or less. Tumor imaging was started 
one hour following intravenous adminis- 
tration. 


Tom sulfur colloidt was prepared with 


Na,S,0; and HCl and was stabilized with 
mannitol in vial kits. Bone marrow reticu- 
loendothelial’ (RE) imaging was com- 
menced 15: minutes after the administra- 
tion of 10 mCi Te colloid. 

|“ Scintigraphy and scintiscanning. Radio- 
isotopic imaging was carried out with a 
5X2 inch Nal crystal rectilinear scinti- 
scanner with a color adapter|| and a scinti- 
camera. T 


RESULTS 


The primary diseases, skeletal lesions, 
roentgenographic findings, and the results 
of rradioisotopic bone lesion imagings are 
_ summarized in Table 1. The skeletal, mar- 
row RE, and proliferative tissue imagings 
were all found capable of detecting lesions 
before skeletal roentgenograms. Ga® scan- 
ning has already been shown to possess this 
ability.” Several cases with comparable 
parallel studies confirmed our concept of 
proliferative tissue imaging and will be 
illustrated. 


} Nihon Kayaku Pharmaceuticals, Tokyo, J apan. 
Toshiba Electric, Tokyo, Japan. 
- € Pho/Gamma HP, Nuclear-Chicago, Chicago. 
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Case 10, T.O. This patient had a three 
year history of lymphoepithelioma malig- 
num treated by three courses of radiation 
therapy for recurrent neck metastases. 
When seen by us, there was no roentgeno- 
graphic abnormality except for a slight 
sclerotic change in the right iliac crest (Fig. 
14). Marrow RE imaging with Tc®®™ colloid 
demonstrated cold regions in the third and 
fourth lumbar vertebrae and a suspected 
cold area in the right iliac crest (Fig. 18). 
A Tc PRP scintigram was positive in 
these regions (Fig. 1C. A similar positive 
scintigram was attained with Ga" citrate 
(Fig. 1D). In this case, however, tumor 
outgrowths extended beyond the vertebral 
column. Thus, all three different scinti- 
graphs were seen capable of antedating 
roentgenograms. A second marrow RE 
imaging was performed two months later, 
and it clearly demonstrated further growth 
of the metastatic tumors (Fig. iF). This 
was then confirmed by roentgenography 
(Fig. 1E) and by autopsy. 

Case 18, Y.K. This patient had skeletal 
dissemination of leiomyosarcoma originat- 
ing from the stomach. The bony metas- 
tases to the pelvic region were unusual. 
There was a massive osteolytic lesion in- 
volving the right ilium near the sacroiliac 
joint, as well as osteoblastic change in the 
sacrum (Fig. 24). These regions were 
positive with Ga®™ scintiscanning (Fig. 2B), 
although the right iliac lesion was not en- 
tirely demonstrated by skeletal imaging 
(Fig..2C). The tumor mass in this region 
became palpable as it grew beyond the 
skeleton. As the patient was very debili- 
tated, a marrow RE imaging was not per- 
formed. These results seemed to agree with 
our previous results with experimental bone 
tumors, in which we demonstrated a clear- 
cut discrimination’ in tumor imaging by 
bone-seeking-agents.15 


DISCUSSION 


The ultimate purposes of bone tumor 
imaging are (1) diagnosis of exact localiza- 
tion and extent of the tumor, (2) early diag- 
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TABLE | 


SUMMARY OF PATIENTS STUDIED: PRIMARY CANCER, ROENTGENQGRAPHIC 
DATA, AND RESULTS OF RADIOISTOP:C INVESTIGATIONS 


Age ` Tonm Teom Gat 
oe © Name and Primary Cancer Bone Lesions Studied a Pyrophos- Col- Ci- Comments 
f Sex phate loid trate 
F.S. 48 F Breast cancer Thoracic and lumbar vertebrae Yes,* blastic Yes* Autopsied 
2. M.S. 43 F Lung cancer Left humerus Yes, lytic Yes 
(adenocarcinoma) 
4. SA 44 F Stomach cancer Thoracic and lumbar vertebrae No* Yes Gastrectomized 
(scirrhous) 
4. K.Y. 70 M_ Lung cancer Right metatarsus Yas, lytic Yes Yes Died 6 months later 
5. S.C. 62 M Lung cancer Lumbar vertebrae No Yes Yes Died 1 month later 
6. TI. 76M _ Lung cancer Lumbar vertebrae Yes, blastic Yes Yes Yes 
7. K.H. 60F Lung cancer Mandible Yes, lytic Yes Yes Yes Died 1 month later 
(adenocarcigoma) 
8. I.M. 65 F Lung cancer Left ilium No Yes Yes Died 2 months later 
Ribs Y2s, lytic Yes No 
9. BM. 71 M_ Lung cancer Lumbar vertebrae No Yes Yes Died 2 months later; 
autopsied 
1o. T.O. 38 M Lymphoepithelioma Lumbar vertebrae Yes Yes Yes Yes Died 2 months later, 
malignum autopsied (Fig. 1) 
11, K.O. 6o M Lungcancer Left femur Yes, lytic Yes Yes Died 2 months later 
(adenocarcinoma) Lumbar vertebrae Nə Yes Yes 
12. S.K 78 M Lung cancer Lumbar vertebrae No Yes Yes Died 3 months later 
(squamous cell carcinoma) 
i3: S.T 58 M Pancreas cancer Left ilium Ne No Yes Died and autopsied 
14. AO. 53 F Breast cancer Pelvis Ne No No No Radical mastectomy and 
(adenocarcinoma tubulare) irradiation 
Alive 14 years after initial 
study 
15. T.S. 73 M Esophageal cancer Left shoulder Yes, lytic Yes Yes Died; autopsied 
16. T.H. 80M Lung cancer Ribs Ye, lytic Yes Yes Died 2 months later. 
Tc#™ bleomycin in 
place of Gat? 
17. K.G. 45 F Breast cancer Pelvis No Mastectomy and irradia- 
femur, tibia Ne No tion 3 years before. Re- 
currence to skin and 
mediastinum, irradi- 
ated 
18 Y.K. 60 F Leiomyosarcoma of Pelvis Yes, lytic Yes and no Yes Skin metastasis. Biopsied 
stomach (Fig. 2) 
Femora Yes Yes Autopsied 7 months later 





* Abnormalities: (+) Yes (—) No. 


nosis of distant metastases, and (3) early 
detection or screening of bone tumor in a 
patient. 

Tumor imaging depends on two areas of 
radiopharmaceutical deposition: in a tumor 
per se, and in its surroundings. The tumor 
itself consists of (a) proliferative tissue, 
(b) necrotic tissue, and (c) supporting 
stroma. With classical radiostrontium bone 
tumor imaging, however, the principal 
mechanism for deposition is (d) the dy- 
namic metabolism of bone calcium and 
phosphate reacting vigorously to the pres- 
ence of the invading tumor. 

Incorporation into the osteogenesis of 
osteogenic sarcoma!” and the tumor affinity 
for Sr’™ in selected extraosseous tumors?!” 
are classified in category a. Skeletal Imaging 


with Tc pyrophosphate undoubtedly 
falls ir category d. Marrow reticuloendo- 
thelial (RE) imaging combines a, b, and c 
as 1t depends on the dispersion of the RE 
cells by the tumor mass. Ga“ imaging is 
different because it possesses so-called 
tumor affinity as well as an affinity for the 
reactive bone formation, i.e., categories a 
and d.?° This feature of Ga® can be con- 
trasted to the pure tumor-affinitive imaging 
with I'*1ododeoxyuridine in experimental 
bone tumors, in which the tumor per se was 
imaged but not bone in reaction to tumor 
invasion.!6 

As demonstrated previously, all three 
imagings of the skeletal system, marrow 
RE system, and proliferative tissue are 
capable of anticipating roentgen changes in 
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Fic. 1. Patient 10, T.O. Lymphoepi- 
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thelioma malignum. (4) Normal 
pelvic roentgenogram except for 
slight sclerotic changes in the right 
iliac crest. Marrow RE imaging with 
Tc?™ sulfur colloid (B, prone), skele- 
tal imaging with I'c%™ PRP (C, su- 
pine), and tumor imaging with Ga® 
citrate (D, prone) are all capable of 
anticipating the roentgenographic 
changes. Abnormalities were indi- 
cated in the third and fourth lum- 
bar vertebrae (arrows I and 2) and in 
the right iliac crest (arrow 3 B and 
D). Inspection of (D) indicates tu- 
mors extending from the lumbar 


bodies. 
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Fic. 1. A second marrow RE scintigram (F, supine) and a 
roentgenogram (Æ) two months later confirmed the findings 
and revealed a fourth lesion. At autopsy the presence of 
these metastases was confirmed. 





Fic. 2. Patient 18, Y.K. Leiomyosarcoma. (4) 
Osteolysis is seen in the right ilium (arrow 1), 
and in both proximal femurs (arrows 2 and 3). 
The right sacroiliac joint and the lower lum- 
bar vertebrae are sclerotic. (B) Ga®’ scan was 
positive in these regions, including the right 
iliac mass. It preceded the roentgenographic 
changes in showing the left pubic lesion (ar- 
row 4). (C) The skeletal imaging agreed with 
results of the Ga‘? scan except for the failure 
in demonstrating the tumor mass in the right 
ilium. 
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bone.” Thus, an earlier diagnosis of distant 
metastases to the skeletal system can be 
achieved by any of these three techniques. 
Probably the earliest is clearly demon- 
strated by marrow RE imaging in the diag- 
nosis of an experimental hematogeneous 
metastatic bone carcinoma,’ as well as with 
Ga tumor imaging.” It avoids waiting for 
development of reactive bone formation 
when the metastasis arises hematogene- 
ously, and trabecular or cortical bone is 
involved somewhat later. 

The osseous reaction to tumor invasion 
consists of osteoblastic as well as osteolytic 
changes,’ and this feature is responsible for 
the increased deposition of radiostronium"® 
and most likely Tc*®™ pyrophosphate. 
These techniques are sensitive once the 
reactive metabolism of calcium and phos- 
phate attains certain levels. The necropsy 
radioassay data on giant cell tumor by 
Andrews et al! verified that Ga” deposi- 
tion was about seven times greater in the 
portion of bone adjacent to the tumor than 
in the tumor per se. In our experience, the 
use of Tc™ pyrophosphate makes it feasi- 
ble to obtain an entire skeletal view within 
a short period of time, with increased accu- 
racy. Improved resolution of the gamma 
camera has also contributed to the accuracy. 

Skeletal imaging has been reported to 
show false negativity as high as 30 percent 
in a representative series by Scheer ef al." 
When the tumor growth is too rapid, such 
as in reticulum cell sarcoma, there may not 
be appreciable bone reaction or dynamic 
changes in calcium metabolism, and the 
lesion will remain cold with Tc%’™ pyro- 
phosphate or radiostrontium scintigrams. 
Enlarging skeletal tumors may also present 
negative scans unless they contain enough 
osteoblastic components. Recently, Sr™ 
has been noted to have a tumor affinity for 
several soft tissue tumors.?:7!8 Although 
the mechanism is uncertain, this agent can- 
not but be surpassed by Ga“, because the 
latter is, so to speak, a “universal” tumor 
imaging agent.®7 Ga is easily obtained 
from commercial sources, easy to adminis- 
ter, has a convenient half-life of 78 hours, 
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etc. Radiation therapists are encouraged 
that Ga is capable of fully delineating an 
entire tumor mass except for necrotic por- 
tions. Fields of teletherapy can be planned 
in the absence of roentgenographic con- 
firmation. It could be of great help in plan- 
ning surgery. This agent, however, has the 
drawback of being excreted into the gas- 
trointestinal tract, and it may give rise to 
false positivity; this may be eliminated by 
cleansing enemas.’ Tc**" pyrophosphate is 
excreted through the kidneys and accumu- 
lates within the urinary bladder. This fre- 
quently interferes with pelvic imaging. 
With these merits and limits in mind, we 
recommend the following imaging schemes 
for the diagnosis of bone metastases: (1) 
Tc®™ pyrophosphate and Ga®™ for imaging 
of the chest and the extremities; and (2) 
Tc? pyrophosphate and Tc%™ colloid for 
imaging of the pelvis and abdomen. For 
the purpose of surveying possible bone 
metastases, skeletal imaging with Tc?’ 
pyrophosphate would be the easiest, most 
time-saving and fruitful study. 


Shinichi Okuyama, M.D., Ph.D. 

Department of Radiology and Nuclear Medicine 
The Research Institute for Tuberculosis and Cancer 
Tohoku University 

4-12 Hirosemachi, Sendai 980, Japan 
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ACCURACY OF *“TC-DIPHOSPHONATE BONE SCANS 
AND ROENTGENOGRAMS IN THE DETECTION 
OF PROSTATE, BREAST AND LUNG 
CARCINOMA METASTASES* 

By JOHN D. OSMOND, III, M.D.,t HENRY P. PENDERGRASS, M.D., 
and MAJIC S. POTSAID, M.D.t 


HYANNIS AND BOSTON, MASSACHUSETTS 


ABSTRACT: 


A technetium 99m diphosphonate scan is a sensitive detector of bony metastases 
of breast, prostate, and lung cancer. For these particular neoplasms, a negative bone 
scan in an asymptomatic patient is adequate evidence for absence of bony me- 
tastases and a correlative roentgenographic examination may not be necessary. 
Positive studies demonstrating multiple characteristic discrete areas of increased 
activity should be considered strong evidence for metastases. Single equivocal 
lesions require roentgenographic and occasionally biopsy correlation. If roentgen- 
ography fails to reveal the source of increased uptake, (e.g., degenerative disease) 
the scan lesion should remain suspicious for metastases. 


HE management of patients with can- 

cer is influenced by the extent of tumor 
spread, making accurate staging of malig- 
nant neoplasms important information for 
determination of proper medical or surgical 
care. The specific therapeutic regimen for 
patients with proved or suspected malig- 
nant disease may depend upon the pres- 
ence or absence of skeletal metastasis. This 
report is an analysis of the relative accu- 
racy of technetium 99m disphosphonate 
bone scan and the roentgenographic skele- 
tal survey in the detection of metastatic 
bone disease in a selected group of patients 
with primary breast, prostate, and lung 
carcinoma. 


MATERIAL AND METHOD 


The diphosphonate used for these studies 
was chemically synthesized according to 
the method of Castronovo! and was labeled 
with technetium g9m as described by 
Castronovo and Callahan.? Routine bone 
scans were obtained following injection of 
10-15 mCi of technetium 99m diphospho- 
nate. Either a Nuclear-Chicago gamma 


camera or Ohio-Nuclear dual probe recti- 
linear scanner was used for imaging. Im- 
ages on the rectilinear scanner were either 
2:1 or 5:1 reductions. All scans had views 
of the head, trunk, and lower extremities to 
just below the knees. The roentgenographic 
metastatic survey included roentgenograms 
of the skull, spine, chest, pelvis, and proxi- 
mal upper and lower extremities. 

The case material consisted of 259 pa- 
tient studies drawn from the first 800 tech- 
netium ggm diphosphonate scans. The 
patients included in this study met the 
following criteria: (1) histologic proof of 
breast, prostate, or lung carcinoma; and 
(2) roentgenographic and radionuclide 
studies on the same patient carried out 
within a two week period. Available for 
analysis were 118 patients with breast 
carcinoma, 87 with prostate carcinoma 
and 54 with carcinoma of the lung. 

Based on initial scan and the roentgeno- 
graphic interpretations, the patients were 
placed into one of seven categories. 


Group 1: Patients with positive evidence of 


* Presented at the Seventy-fourth Annual Meeting of the American Roentgen Ray Society, Montreal, Quebec, Canada, September 
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TABLE | 
ACCURACY OF RADIONUCLIDE SCANS AND ROENTGENOGRAMS 
$ 
(259 Cases) 
Breast Prostat Lun Total Percent 
reas ostate g Total 
(1)* +Scan 17 17 8 42 16 
+ X-ray 
(II)} +Scan 18 II 6 35 14 
+ X-ray 
(III) +Scan è I5 20 ` 13 48 19 
— X-ray 
(IV) —Scan 3 3 o) 6 2 
+ X-ray 
(V) —Scan 52 28 $5 78 30 
— X-ray 
(VI) Equivocal Scans 13 8 5 26 10 
(VII) Equivocal X-rays 18 4 2 24 9 
* Equivalent number of lesions on radionuclide and x-ray studies. e 
t More lesions on radionuclide scans than on roentgenograms. 
metastases on the roentgenogram and the RESULTS 


bone scan. These patients demonstrated 
essentially the same areas of metastases 
on both studies. 

Group 11: Cases having positive scans and 
positive roentgenograms with more me- 
tastases demonstrated on the scans. 

Group 11: Cases with positive scans and 
negative roentgenograms. 

Group tv: Cases demonstrating negative 
scans and positive roentgenograms. 

Group v: Cases with scans and roentgeno- 
grams both negative. 

Group vi: Cases of equivocal scans. These 
patients demonstrated single and some- 
times diffuse regions of abnormal uptake 
that could not definitely be characterized 
as diagnostic of metastases. 

Group vit: Cases of equivocal roentgeno- 
grams. These patients demonstrated 
apparent sclerotic or lytic areas in the 
roentgenograms that could not definitely 
be characterized as indicative of me- 
tastases. 


Date were obtained for each type of 
tumor as well as for the entire group of 
patients as expressed in Table 1. 

As presented in Table 1, positive scans 
and positive roentgenograms with the same 
number of metastases visualized on the two 
studies were demonstrated in 42 cases. In 
35 cases, roentgenograms and scans were 
positive but additional metastases were 
visualized on the scan. In 48 cases (20 per- 
cent of all cases), patients had positive 
scans and negative roentgenograms. 

In ovr series, 137 patients demonstrated 
evidence of bony spread of tumor (Table 
11). Forty-eight of these patients, or 36 per- 
cent of the number of patients with me- 
tastases, had roentgenographic studies that 
were interpreted as normal (false normal 
roentgenograms). From this group of 137 
patients demonstrating metastases, 83 pa- 
tients 11 Groups 11 and 11 demonstrated 
increased information by radionuclide 
study. The bone scan represents a signifi- 
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_ Tage IL 


NUMBER OF PATIENTS DEMONSTRATING 
EVIDENCE of METASTASES 


(Total 137) 
Group Total 
(I) +Scan 42 
+X-ray 
AI) +Scan 35 
+-X-ray 
(II) +Scan ° 48 
— X-ray 
(TV) —Scan 6 
-+-X-ray 
(V) Equivocal scans 2 
(+X-ray) 
(VI) Equivocal X-rays 4 
(+-Scans) 


cant improvement in sensitivity in the de- 
tection of metastatic disease. 

Of the 26 patients in the equivocal bone 
scan category, additional data including 
detailed roentgenograms of suspicious areas 
showed that eight patients had degenera- 
tive joint disease, two had Paget’s disease, 
five had old or more recent non-pathological 
rib fracture, one had a non-pathological 
compression of a vertebral body, and one 
had marked hyperostosis frontalis interna 
of the skull. There was one equivocal scan 
due to osteonecrosis following radiation 
therapy. Two patients demonstrated roent- 
genograms that were consistent with me- 
_tastases and, therefore, are included as 
demonstrating metastases in Table m. Six 
of the 26 patients remained equivocal for 
metastases, and- a one ‘year follow-up 
proved four of these patients to have in- 
creased uptake in the scan due to a spread 
of the primary tumor to bone. 

Twenty-four of the 259 patients had 
roentgenograms that originally were inter- 
preted as equivocal. Carrelation of roent- 
genograms with bone scans in these pa- 
tients demonstrated no areas of increased 
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uptake in 18 instances and follow-up roent- 
genograms were negative. These equivocal 
areas were interpreted as representing 
bone islands, infarctions, degenerative joint 
disease, and artifacts. Four patients with 
equivocal roentgenograms demonstrated 
increased uptake in the same areas on the 
bone scan and were interpreted as being 
secondary to metastases. Two patients re- 
mained equivocal for metastases based on 
the roentgen findings. 

There were six patients whose roentgeno- 
grams indicated metastases, while the scans 
were interpreted as not showing tumor 
involvement (false negative scans). Three 
of these cases had received radiation ther- 
apy to the areas in question and based on 
the negative radionuclide bone scan, the 
neoplastic disease in the treated area was 
considered inactive. In these cases, corre- 
lative roentgenograms continued to show 
sclerotic changes that could easily be inter- 
preted as metastases. A fourth patient had 
difficulty voiding and had a sacral lesion - 
which was obscured by a large bladder-con- 


taining the radionuclide. The remaining ` 


two cases were misinterpreted and were 
prostatic carcinoma patients with metas- 
tases so extensive that focal areas were not 
appreciated. These last two cases led to a 
useful sign that can reduce such misinter- 
pretations, as discussed later. 


DISCUSSION 


Histological data indicate that prostate, 
breast, and lung carcinoma metastases to 
bone stimulate new bone formation and 
neovascularity.® Such changes are con- 
sistently demonstrated and probably ac- 
count for most of the increased activity 
noted on the bone scan. This osteoid re- 
sponse results in increased metabolic turn- 
over of bone mineral which is detected 
earlier by radionuclide scan than by roent- 
genographic means, which often requires 
40 to 50 percent destruction of bone (e.g., 
vertebral body) before metastasis can be 
appreciated. 

Our statistics demonstrated that tech- 
netium 99m diphosphonate images are a 
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sensitive detector of metastatic disease to 
the bone. When compared to the standard 
roentgenographic metastatic survey the 
bone scan was more sensitive in about 30 
percent of the total number of this group 
of cases and in about 60 percent of the 
cases demonstrating metastases. Our ex- 
perience confirms previous reports in which 
strontium 85, fluorine 18 and technetium 
99m as polyphosphate and diphosphonate 
were shown to be more sensitive in the de- 
tection of metastases than roentgen ray 
techniques.*;7—9 r 

Apparent exceptions to the osteoid re- 
sponse have been noted with thyroid carci- 
noma, reticulum cell sarcoma, and multiple 
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Fic. 2. Patient with multiple metastases from breast 
carcinoma showing kidney (K) activity equal to 
adjacent activity in uninvolved spine (S). 


myeloma of bone. In such cases, primarily 
lytic lesions can be demonstrated by roent- 
genography quite well, whereas the bone 
scan may be normal or relatively normal. 
Therefore, the type of primary neoplastic 
disease should be taken into account when 
the bone scan is being considered in the 
evaluation of patients for metastases to 
bone. 

The percentage of scans and roentgeno- 
grams that were originally interpreted as 
equivocal was about the same with nine 
percent of the roentgenograms and ten per- 
cent of the bone scans in that category. The 
low number of false negative bone scans in 
this ser es demonstrates the increased sensi- 
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Fic. 3. “Absent kidney” sign in an elderly male with 
diffuse prostate carcinoma metastases producing 
a so-called “super scan” with very low activity in 
the kidney (K) and very high activity in the spine 


(S). 


tivity of the scan as a screening procedure. 
Because of the higher contrast inherent in 
the bone scan, it can be searched and inter- 
preted more rapidly than is possible with a 
roentgen metastatic survey. 

Twenty-six bone scans were originally 
interpreted as equivocal for metastases, 
emphasizing that the bone scan is non- 
specific. These scans required close roent- 
genographic correlation for a more mean- 
ingful interpretation and in a majority of 
instances, the cause of increased uptake 
(e.g., degenerative disease) became evi- 
dent. Our experience indicates that if the 
etiology remains obscure following roent- 
genographic correlation, the scan should be 
considered suspicious for metastases. We 
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have come to view the request for a bone 
scan as a consultation, and make every 
effort to correlate all available information 
including detailed history, physical exami- 
nation, and laboratory data as well as 
available roentgenograms in order that the 
most definitive answer can be given to the 
attending physician. 

Initial misinterpretations of extensive 
prostate carcinoma metastases led to our 
appreciation of the “reduced kidney ac- 
tivity sign” and the appreciation of a so- 
called “super bone 8can,” in which the 
skeleton stands out in bold relief. We soon 
recognized that patients in whom the skele- 
ton is heavily involved by a pathological 
process (¢.g., extensive metastases) produce 
a marked increase in bone radionuclide con- 
centration with less activity available for 
excretion by the kidneys, thereby making 
the urinary tract less visible. Comparing 
the amount of activity noted in the kidneys 
to that seen in the lumbar spine can be a 
useful sign. At four hours after the adminis- 
tration of the technetium 99m diphospho- 
nate, the kidneys and the lumbar spine usu- 
ally show equivalent amounts of radioac- 
tivity. If the kidneys contain significantly 
less activity or are not visualized at all, 
and there is evidence of normal renal func- 
tion, one should be suspicious of an exten- 
sive process markedly affecting bone min- 
eral accretion. These observations suggest 
that a measurement of the ratio of activity 
in the kidneys to that of the lumbar spine 
may be effective (Fig. 1-3). The diagnosis 
of systemic disorders affecting bone mineral 
turnover (e.g., hyperparathyroidism) may 
be possible. The value of the renal-spine 
ratio (RSR) is under investigation. 


Majic S. Potsaid, M.D. 
Nuclear Medicine Division 
Massachusetts General Hospital 
Boston, Massachusetts 02114 
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WHOLE BODY TRANSMISSION-EMISSION SCANNING 
WITH WHOLE BODY CAMERA* 
By YUTAKA SUZUKI, M.D.,t HIROFUMI MORI, M.D., TAKATOSHI MICHIGISHI, M.D., 
KINICHI HISADA, M.D., and MASAMICHI MATSUDAIRA, R.T. 


KANAZAWA, JAPAN 


ABSTRACT: 


Whole body transmission-emission scanning was carried out using a whole body 
camera. A disk source 30 cm in diameter filled with °°™T'c was used for transmission 
scanning. Correct interpretation of emission scanning requires accurate anatomical 


orientation of the images. 


The value of whole body transmission-emission scanning is efnphasized. 


CCURATE evaluation of radionuclide 
distribution in the body always re- 
quires that the spatial relationship of emis- 
sion scan data be oriented to the anatomy 
of the patient. Although reference markers 
or standard roentgenograms have been 
used for this purpose, there are limitations 
in all of these methods. Transmission scan- 
ning has largely overcome these problems.! 
However, this procedure is used mainly for 
outlining the organs bordered by air. We 
have tried whole body transmission scan- 
ning with a whole body camera as a means 
of improving the orientation of the whole 
body emission scan. The purpose of this 
paper is to describe its efficacy and point 
out ways in which this technique has im- 
proved our diagnostic acumen. 


MATERIAL AND METHOD 


Both whole body emission and transmis- 
sion images were obtained simultaneously 
by using the Picker Omniview system, 
Picker Dyna Camera II-C.f A disk source 
30 cm in diameter filled with 3 to 5 mCi of 
*9m'T’c-pertechnetate was used for the trans- 
mission image. The dose of *°™Tc-pertech- 
netate was adjusted to get approximately 
the same number of counts as emission ac- 
tivity. One spectrometer was set to the 
photopeak of the emission photon and the 
other was set to 140 KeV. The whole body 


t Picker Corporation, 595 Miner Road, Cleveland, Ohio 44143. 


images were taken on roentgen-ray film 
with 7:1 or §:1 minification and informa- 
tion density of 200 counts/cm?. When the 
radioactivity in the body was small, the 
emission image and transmission image 
were taken separately with different expo- 
sure factors, 7.e., the source intensity was 
adjusted high for the emission image and 
low for the transmission image, so that the 
transmission-emission image was clearer 
than in the conventional method. The 
whole body emission-transmission scanning 
was done for radionuclide myelography 
with Yb DTPA, survey of the meta- 
static thyroid cancer with I, and radio- 
nuclide lymphography with 1%8Au colloid. 


REPORT OF CASES 


Case 1. M.K. was a 62 year old female with 
thyroid carcinoma. She had had a total thy- 
roidectomy two months ago in another hos- 
pital and the histological diagnosis was follicu- 
lar carcinoma. The patient was referred to our 
department for evaluation of bone metastasis. 
Whole body emission-transmission scanning 
was done 48 hours after oral administration of 
2 mCi of J and confirmed the fact that 
metastatic lesions were present in many parts 
of the body. The whole body transmission 
image made the anatomical orientation of the 
lesions much easier (Fig. 1). 


Case 11. M.T. was a 65 year old male with 
bronchogenic cancer. On physical examination, 
muscle weakness and loss of sensation were 


* From the Department of Nuclear Medicine, Kanazawa University Hospital, Kanazawa, Japan. 
t Associate Professor, Department of Radiology. Present Address: Tokai University Hospital, Isehara-shi, Kanagawa, 259-11, Japan. 
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found in the lower extremities. Radionuclide 
myelography was requested to rule out spinal 
cord metastasis. Whole body transmission 
scanning and radionuclide myelography with 1 
mCi of Yb DTPA were performed simul- 
taneously. The emission-transmission scanning 
24 hours after intrathecal injection revealed 
complete obstruction of the spinal subarachnoid 
space at the level of the diaphragm (Fig. 24). 
Contrast myelography showed the obstruction 
at the same level found by radionuclide myelog- 
raphy (Fig. 2B). Whole body transmission 
scanning was very useful for the determination 
of the level of obstruction. 


DISCUSSION 


Anatomical orientation of emission scan 
data is quite important in scan interpreta- 
tion. Usually, this is obtained by using 





Fic. 1. Whole body transmission-emission 48 hours 
after oral administration of 2 mCi of I (posterior 
view). Areas of increased activity reveal the 
metastatic foci of thyroid cancer. 


Whole Body Transmission-Em ssion Scanning 
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Fic. 2. (4) Whole body transmission-emission scan- 
ning o: radionuclide myelography with 1 mCi of 
169¥b DTPA 24 hours after intrathecal injection 
(postenor view). The complete obstruction of the 
spimal subarachnoid space is clearly visualized. 
Anatomical orientation is readily obtained here. 
(B) Rweht posterior oblique and anteroposterior 
views of contrast myelogram show cupping of the 
upper margin of the subarachnoid contrast column. 


reference marks to present external features 
or by superimposing a roentgenogram of 
the part. These methods may introduce 
inaccuricy due to geometric distortions. 
Transmission scanning has been proved to 
reduce these inaccuracies and to be useful 
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in anatomic orientation, aiding in interpre- 
tation of emission scans.!> This procedure 
has become widely tsed in nuclear medi- 
cine,®” but a disadvantage of the conven- 
tional transmission scanning has been the 
limited field of view; therefore transmission 
scanning has been applied mainly to lo- 
calized areas of the body. 

In 1972 Cooke and Kaplan? first de- 
scribed the principles and application of 
the whole body camera system. This system 
has the advantage of high sensitivity, bet- 
ter image linearity and uniformity, and 
good resolution. Use of the whole body 
camera system is easily expanded to trans- 
mission scanning. The time needed to per- 
form whole body transmission scanning is 
less than 30 minutes, and emission scan- 
ning can be obtained simultaneously. Thus 
there is a significant saving of time and 
patient comfort. 

In interpretation of radionuclide myelog- 
raphy and lymphography, the biggest prob- 
lem 1$ to get accurate anatomic orientation 
of the images. Use of whole body transmis- 
sion technique can readily resolve this 
problem. In our experience, the whole 
body transmission image is also useful in 
survey of metastasis of thyroid cancer 
with J. We are now using this technique 
routinely in follow-up study of patients 
with thyroid cancer. Application of this 
technique to tumor scanning may improve 
the accuracy of diagnosis. 

Various radionuclide sources have been 
used in transmission imaging procedures, 
including 1%], Am, and ®Tc. Of these, 
only Tc has proved satisfactory for 
studies with the scintillation camera be- 
cause of loss of spatial resolution with this 
device at lower photon energies.’ Moreover, 
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9mTc is readily available in any nuclear 
medicine laboratory and quite economical. 

In conclusion, whole body emission- 
transmission scanning with the whole body 
camera is quite useful in anatomical orien- 
tation of lesions. This procedure could be 
applied to various kinds of imaging studies 
in nuc ear medicine without extra cost and 
time. 


Yutaka Suzuki, M.D. 
Department of Radiology 
Tokai University Hospita} 
Boseidai, Isechara-shi 
Kanagawa-Ken 259-11 
Japan 
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THE SEVENTY-SIXTH ANNUAL MEETING OF THE 
AMERICAN ROENTGEN RAY SOCIETY 


f Bees Seventy-sixth Annual Meeting of 
the American Roentgen Ray Society 
beautifully fulfilled its preparation and 
promise. Held in Atlanta, Georgia, between 
September 30 and October 3, 1975, in a 
lovely time of the year there, it amply sup- 
plied the intellectual, recreational, and so- 
cial requirements of the members and 
guests who attended. 

The meeting opened Tuesday morning 
with the call to order by the President, Dr. 
Colin B. Holman, and he, with Dr. Melvin 
M. Figley, Chairman of the Executive 
Council, installed the new President, Dr. 
Ted °F. Leigh. Dr. Leigh’s inaugural ad- 
dress prepared us for the meeting to come— 
a feast of fine radiology, well spiced with 
new ideas. 

Dr. Leigh had prepared a stimulating, 
new, and thought-provoking program. The 
197 essayists, who presented a total of 69 
papers, required simultaneous sessions on 
Wednesday and Friday mornings, while 
single sessions were presented on Tuesday 
and Thursday mornings. The papers were 
thoughtfully grouped according to subject. 
As in the past, award papers were con- 
tributed from The Society for Pediatric 
Radiology, The American Society of Neuro- 
radiology, and The Society of Gastrointes- 
tinal Radiologists. In addition to expository 
and innovative papers on the traditional 
subjects, Dr. Leigh’s program presented 
material covering ultrasound, thermogra- 
phy, computerized axial tomography of 
both the head and body, nuclear medicine, 
and radiation therapy. 

The program culminated in the Caldwell 
Lecture, “Iatrogenic Lesions of the Skele- 
ton.” Dr. Harold G. Jacobson introduced 
the Caldwell Lecturer, Dr. Ronald O. 


Murray, of London, England, who spoke 
with authority, eloquence, warmth, and 
fascination on a subject which has in- 
terested him for yed@rs, as judged by his 
mastery of it. Following the Lecture, Dr. 
Leigh presented the society’s Caldwell 
Medal to Dr. Murray. 

The program of Instruction Courses was 
again this year expanded by the director, 
Dr. Harold O. Peterson. Fifty-nine courses 
consisting of one or two gO minute sessions 
were presented by a faculty of 78 instruc- 
tors, from Monday through Friday, and 
these courses covered in detail small fields 
in diagnostic and therapeutic radiology as 
well as subjects in ultrasound, xeroradiog- 
raphy, nuclear medicine, and computerized 
axial tomography. An innovation this year 
was a Comprehensive Course on the Chest, 
presented in six daily meetings, including 
three hour sessions on Sunday and Mon- 
day, September 28 and 29. The faculty of 
14 physicians for this intensive course 
covered many facets, both elementary and 
abstruse, of diseases of the lungs from a 
roentgen point of view. 

Attendance at the Scientific Program 
and the Instruction Courses was recognized 
by credit in postgraduate medical educa- 
tion by the American College of Radiology. 

The exhibition halls of the hotel lent 
themselves well to the presentation of the 
104 scientific and informational exhibits 
and this was carried out under the direction 
and planning of the Chairman of the Scien- 
tific Exhibits Committee, Dr. Byron G. 
Brogdon. The excellence of this vital part 
of the learning experience of the meeting is 
attested by the fact that gold, silver, and 
bronze awards, as well as 20 certificates of 
merit were deserved and given. These are 
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described elsewhere in this issue. The ex- 
hibits were grouped according to subject, 
the exhibitors showed great interest in ex- 
plaining their material, and the sufficient 
space in the hall permitted the inevitable 
and welcome discussion of the exhibits. The 
daily unknowns, the Adult and Pediatric 
Cases of the Day, afforded competition, 
titillation, and frustration. 

The Committee on Local Arrangements, 
chaired by Dr. James V. Rogers, and the 
Ladies’ Committee, co-chaired by Mrs. 
James V. Rogers afid Mrs. B. Donald 
Minor made things pleasant, easy, and at- 
tractive for members and guests at the 
meeting. There were the traditional golf 
outing, and the about-to-become-tradi- 
tional tennis tournament, together with a 
fine program for the fortunate consorts of 
those who attended the meeting. The 
Ladies’ Program (and this may some day, 
mutatis mutandis, become the Consorts’ 
Program) included tours of local antebel- 
lum homes and a monastery, a visit to the 
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remarkable Stone Mountain Park, and an 
exhibit of arts and crafts, among other 
pursuits. The committee established a 
Hospitality Room in the hotel which was 
womanned by a group which functioned 
beautifully (in every sense of the word) as 
guides, explicators, and confidantes, mak- 
ing it an information center, meeting place, 
and haven for the uncomfortable. 

The active press coverage was in the ex- 
perienced and able hands of Mr. Charles 
Honaker and his associates. The technical 
exhibits added to the information available 
at the meeting, and they are listed else- 
where. The space for these exhibits ad- 
joined that for the scientific exhibits, was 
spacious, and housed the 60 exhibitors con- 
veniently. 

Dr. Ted Leigh, as President, planner, 
executive, and orchestrator deserves and 
has earned the thanks and praise of the 
society for this memorable meeting. 


E. FREDERICK Lang, M.D. 
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HE SCIENTIFIC EXHIBITS of the 
Seventy-sixth Annual Meeting of The 
American Roentgen Ray Society, held at 
the Marriott Motor Hotel in Atlanta, 
Georgia, September 30-October 3, 1975, 
were truly impressive, both quantitatively 
and qualitatively. One hundred and four 
exhibits displayed a spectrum of scientific 
and educational material unsurpassed in 
the annals of the Society. Many of these 
exhibits were complimented by companion 
presentations during the Scientific Sessions, 
and expanded viewing hours allowed the 
dedicated attendee to avail himself of both 
oral and visual educational opportunities. 
The anonymous Scientific Awards Com- 
mittee fairly accomplished the difficult task 
of evaluating all exhibits competitively and 
after much study and deliberation awarded 
20 Certificates of Merit and selected three 
exhibits for the coveted Gold, Silver and 
Bronze Medals of The American Roentgen 
Ray Society. 


Go._p MEDAL 


Density Perception. Edward J. Lane, 
M.D., Anthony V. Proto, M.D., and 
Thomas W. Phillips, M.D., State Univer- 
sity of New York, Upstate Medical Center, 
Syracuse, New York. 

The perception of the roentgen image 1s 
influenced greatly by retinal neural net- 
works which produce Mach bands. Part A 
of this exhibit illustrated the mechanism of 
production of Mach bands and showed how 
differences in contour, contrast and density 
of radiographic images influence their visu- 
alization. Mach bands often facilitate the 
perception of roentgen densities; however, 
misinterpretation of their significance may 
lead to errors in diagnosis. The vital role 
played by Mach bands in clinical radio- 
logical interpretation was illustrated by 
example. 

In Part B, measurement of object density 
(Archimedes principle) and film density 


(photodensitometry) demonstrated with an 
experimental model a distinctly visualized 
roentgen density difference with an object 
density difference of 1 percent. Clinical ma- 
terial clearly demonstrated visualization of 
a soft tissue density difference of § percent. 
Variations in object contour density, film 
contrast and density that aid or detract in 
density perception were demonstrated both 
with an experimental model and with 
clinical material. 


SILVER MEDAL 


Pathogenesis of Bleeding Colonic Diver- 
ticulosis: New Observations. Morton A. 
Meyers, M.D., Daniel R. Alonzo, M.D., 
George F. Gray, M.D., and Jeanne W. 
Baer, M.D., The New York Hospital— 
Cornell University Medical College and St. 
Luke’s Hospital, New York, New York. 

The most common cause of acute severe 
rectal hemorrhage is colonic diverticulosis. 
However, the precise site of bleeding, 
etiology, and pathogenesis have not been 
previously identified. 

Arteriographic, micro-angiographic, and 
detailed histologic observations in 14 proved 
cases disclosed strikingly consistent changes 
related to the characteristic angioarchitec- 
ture of colonic diverticula which the au- 
thors have established. This represents the 
largest reported series. The changes in- 
clude: (1) asymmetric rupture of the vasa 
recta precisely at the dome or the anti- 
mesenteric margin of the diverticulum; 
(2) general absence of diverticulitis; (3) 
conspicuous eccentric intimal thickening of 
the vasa recta, often with medial thinning, 
at and near the bleeding point. 

Comparison with colonic diverticula in 
non-bleeding cases indicates that traumatic 
factors arising within the diverticular lu- 
men induce asymmetric intimal prolifera- 
tion and scarring of the associated vasa 
recta predisposing to rupture and massive 
bleeding. 
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Bronze MEDAL 


Radiology in Primary Hyperaldosteronism. 
Heun Y. Yune, M.D., Eugene C. Klatte, 
M.D., Clarence E. Grim, M.D., and Harry 
N. Wellman, M.D., Indiana University 
School of Medicine, Indianapolis, Indiana. 

Radiology plays a significant role in the 
diagnostic work-up of the group of hyper- 
tensive patients whose laboratory data are 
characterized by hypokalemia and low 
renin. Selective adrenal venous blood sam- 
pling with simultaneous venography is the 
single most effective way to lateralize and 
often localize the lesion responsible for the 
primary hyperaldosteronism. The authors’ 
clinical experience in the past two years in 
dealing with approximately 40 such pa- 
tients was summarized and analyzed. Pre- 
operative differential aldosterone data were 
correlated with observations on the adrenal 
venography and the pathology of the surgi- 
cal specimen. 


CERTIFICATES OF MERIT 


Computerized Tomography of the Human 
Body. Ralph J. Alfidi, M.D., Leopold 
Gonzales, M.D., John Haaga, M.D., Thomas 
F. Meaney, M.D., A. R. Antunez, M.D., 
P. M. Duchesneau, M.D., J. MacIntyre, 
M.D., and E. L. Jelden, M.D., Cleveland 
Clinic, Cleveland, Ohio. 

The present stage of development of 
computerized radiographic tomography of- 
fers promise of becoming a new diagnostic 
field in the evaluation of the body. 

The differentiation between tissue den- 
sities obtained with the prototype unit 
known as the Delta Scanner (Ohio Nuclear, 
Inc., Solon, Ohio) allows visualization of 
body structures not possible before with 
the known imaging methods. 

The pancreas, in normal and pathological 
states, has been demonstrated. 

Primary and metastatic tumors of the 
liver have been identified, as well as the 
gallbladder and biliary ducts. Tumors and 
cystic lesions of the kidneys, adrenals, pel- 
vic masses, retroperitoneal tumors, peri- 
aortic lymph nodes and aneurysms of the 
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abdominal aorta have been identified. 

Pericardial effusion and cardiac valvular 
calcifications have algo been shown, as well 
as mediastinal masses and lymphadenop- 
athy. 

Brain lesions have been visualized with 
resolution comparable to the EMI Scan- 
ner. We have demonstrated cases of diaste- 
matomyelia and a chordoma of the sacrum. 

This exhibit showed a representative ex- 
ample of the conditions previously men- 
tioned. 

Correlating ultrasound scans and angio- 
grams were presented in some of the cases. 

Imaging Considerations for Improved Thin 
Section Tomography. Gary T. Barnes, 
Ph.D., David M. Witten, M.D., and John 
G. Kehler, M.D., University of Alabama 
in Birmingham, Birmingham, Alabama. 

The physical factors underlying detail 
perception in thin section tomography were 
examined. Clinical comparisons were made 
between film/screen combinations which 
take advantage of these factors ande more 
routinely used combinations. 

High K.V. Magnification Technique in 
Diagnosis of Upper Airway Obstruction in 
Infants and Children. Walter E. Berdon, 
M.D., David H. Baker, M.D., Thomas L. 
Slovis, M.D., Jack O. Haller, M.D., and 
Peter Joseph, Ph.D., Babies Hospital, Co- 
lumbiz Presbyterian Medical Center, New 
York, New York. 

Anteroposterior and lateral high K.V. 
magnincation technique has proved most 
valuable in assessing supra and subglottic 
obstructive disease in infants and children. 
Inflammatory disease (epiglottitis, croup) 
as well as intraluminal obstruction from 
hemangioma and foreign bodies have been 
diagnosed with increasing frequency since 
the technique was instituted. It is con- 
siderec, along with barium esophagogra- 
phy, as the screening technique in such 
patients. 

Amebiasis. Jose Manuel Cardoso, M.D., 
Kerji Kimura, M.D., Miguel Stoopen, 
M.D., Lizandro Elizando, M.D., Robert 
Churchill, M.D., and Rogelio Moncada, 
M.D., Loyola University Medical Center, 
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Maywood, Illinois and Hospital General 
Centro Medico National, I.M.S.S., Mexico 
City, Mexico. : 

Over 2,000 cases of intestinal and hepatic 
amebiasis have been seen during the past 
ro years at the institution in Mexico City. 
Intestinal involvement and detection of 
liver abscesses through radionuclide imag- 
ing, ultrasonography, total body opacifica- 
tion, gastrointestinal series and angiogra- 
phy were displayed as well as results of 
selective transarterial hepatic infusion of 
Dehydroemetine for liver abscesses. 

Computerized Axial Tomography and 
Brain Scintigraphy in Stroke Syndrome. Lee 
C. Chiu, M.D., Steve H. Cornell, M.D., 
Laszlo B. Fodor, M.D., and James H. 
Christie, M.D., University of Iowa Hos- 
pitals and Clinics, Iowa City, Iowa. 

There are certain characteristic signs 
that appear with stroke syndrome both on 
_ computerized axial tomography and Tc*™ 
pertechnetate brain scintigraphy. When 
thesesigns are correlated jointly, they offer 
more accuracy in diagnosis without further 
invasive study, particularly in the ischemic 
middle cerebral artery syndrome. Cases 
demonstrating these findings were dis- 
cussed and illustrated. 

The Twelve Significant Indirect Signs of 
Cervical Spine Trauma. William M. Clark, 
M.D., John A. Gehweiler, Jr., M.D., and 
Richard H. Laib, M.D., Duke University 
Medical Center, Durham, North Carolina. 

Twelve practical, indirect radiographic 
signs of significant cervical spine trauma 
are illustrated. These were divided into: 
soft tissue signs, vertebral alignment and 
changes in their Joint spaces. 

Hodgkin's Disease of the Lung and Medi- 
astinum: Radtologic-Pathologic Correlations. 
E. R. Heitzman, M.D., Anthony V. Proto, 
M.D., and B. Markarian, M.D., State 
University of New York, Upstate Medical 
Center, Syracuse, New York. 

Hodgkin’s disease is the most common 
neoplasm occurring in young adults and is 
the most common lymphoma in any age 
- group. This exhibit presented a radiologic- 
pathologic correlative study of Hodgkin’s 
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disease involving the lung and mediasti- 
num. It discussed: (1) the varied radio- 
logical manifestations of thoracic Hodg- 
kin’s disease in relation to the anatomy of 
the lymphatic system of the lung and 
mediastinum; (2) the appearance of medi- 
astinal Hodgkin’s related to histopatho- 
logic classification; (3) the problem of 
opportunistic infection and its radiological 
differentiation from parenchymal Hodg- 
kin’s disease; and (4) radiological features 
which influence treatment planning in 
radiotherapy. e 

Avian Respiration: How Birds Breathe. 
A. Everette James, Jr., M.D., Grover 
Hutchins, M.D., Frederick Stitik, M.D., 
T. K. Natarajan, M.E.E., Phillip Steig, 
M.D., Richard M. Heller, M.D., Barry 
Burns, Ph.D., Mitchell Bush, D.V.M., and 
Mark C. Horning, Johns Hopkins Hospital, 
Baltimore, Maryland. 

Avian respiration shows facilitated gas 
exchange when compared with humans. 
Using dynamic imaging techniques (radiog- 
raphy, fluoroscopy, bronchography, angi- 
ography, as well as perfusion and inhalation 
lung scans) the avian respiratory system 
was accurately characterized in vivo and 
compared with postmortem anatomical, in- 


jection, and histological studies. The dis- 


tribution of inspired air was documented 
using regional analysis by computer of dy- 
namic images of all phases of respiration. 

These studies showed that the reason for 
the facilitated gas exchange in birds is their 
great surface area of blood-terminal airway 
interface. 

Mycoplasma Pneumonia: Two Distinct 
Syndromes. Pamela S. Jensen, M.D., and 
Charles E. Putman, M.D., Yale University 
School of Medicine, New Haven, Con- 
necticut. 

Pulmonary infections secondary to My- 
coplasma Pneumoniae are commonly mani- 
fest by the acute onset of cough, chills, and 
fever associated with the radiographic 
findings of airspace (alveolar) consolida- 
tion in a lobar or subsegmental distribution 
with minimal volume loss. Recent investi- 
gation of over 200 documented mycoplasma 
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infections indicates that there is another 
frequent but markedly dissimilar presenta- 
tion consisting of chronic dyspnea asso- 
ciated with a diffuse interstitial pulmonary 
process compatible with chronic interstitial 
pneumonitis. Analysis of the clinical data 
and representative radiographs of these 
two forms of disease were presented. In ad- 
dition, the relationship between myco- 
plasma infections and immunologic dis- 
orders, specifically sarcoidosis and systemic 
lupus erythematosus, was stressed. 

Intracranial Hemangiopericytomas: Angi- 
ography, Pathology and Differential Diag- 
nosis. Joseph A. Marc, M.D., Y. Takei, 
M.D., M. M. Schechter, M.D., and J. C. 
Hoffman, M.D., Emory University, At- 
lanta, Georgia. 

Intracranial hemangiopericytomas are 
tumors which angiographically and histo- 
logically can mimic other vascular intra- 
cranial masses. Several terms have been 
applied to this.tumor including angioblastic 
meningioma, meningeal sarcoma, vascular 
meningioma and angiosarcoma. As these 
tumors are prone to recurrence after sur- 
gery as well as resistant to radiation ther- 
apy, it is important to recognize them an- 
giographically and histologically. This ex- 
hibit illustrated: (1) the angiographic find- 
ings common to § cases of histologically 
proven hemangiopericytoma; and (2) the 
angiographic differential points between 
these tumors and other vascular tumors 
with which they are confused, notably 
glioblastoma multiforme, vascular menin- 
gothelial meningioma and supratentorial 
hemangioblastoma. The important histo- 
logic characteristics of hemangiopericy- 
toma also were emphasized. 

The Small Bowel in Immunoglobulin De- 
ficiency Syndromes. Richard H. Marshak, 
M.D., Rubem Pochaczevsky, M.D., Daniel 
Maklansky, M.D., Arthur E. Lindner, 
M.D., and Jerold D. Kurzban, M.D., Mt. 
Sinai School of Medicine, the City Uni- 
versity of New York, New York, New 
York. 

After the first reported cases of congeni- 
tal agammaglobulinemia by Burton in 
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1952, it was soon realized that the disease 
was more frequent in adults and the term 
was changed to late dnset acquired hypo- 
gammaglobulinemia, but malabsorption and 
diarrhea soon became a constant feature of 
this entity. The immunoglobulins have 
been studied extensively. It was the pur- 
pose of this exhibit to present a variety of 
immunodeficiency disorders and their roent- 
gen characteristics. Of the immunoglobu- 
lins, IgA, Igg, and Igm are predominantly 
involved. Some of the disorders discussed 
were: sprue, immunoglobulin variable dis- 
ease, Iga deficiency disease, intestinal 
lymphangiectasia, amyloidosis and heavy- 
chain disease. 

Optimal Visualization of Esophageal Vari- 
ces. Roscoe E. Miller, M.D., Edward M. 
Cockerill, M.D., Stanley M. Chernish, 
M.D., Gordon C. McLaughlin, III, M.D., 
and Bruce E. Rodda, Ph.D., Indiana Uni- 
versity School of Medicine, Indianapolis, 
Indiana. 

Following the parenteral administfation 
of an anticholinergic drug, enlargement of 
varices during endoscopy has recently been 
reported. Can the radiographic appearance 
of distal esophageal varices be enhanced 
either by drugs, position, respiration, time 
or any combination thereof? This question 
prompted a double blind crossover evalua- 
tion of placebo, propantheline bromide, 
and glucagon combined with various ma- 
neuvers. 

Twelve patients with endoscopic proved 
varices volunteered for three examinations 
each. The results demonstrated: (1) that 
an anticholinergic agent enhanced the ap- 
pearance of varices in the distal esophagus; 
(2) that the effects of propantheline bro- 
mide are more diagnostic, but have greater 
side efects than glucagon or placebo: and 
(3) that contrary to previous reports, po- 
sitioning, time and respiratory cycle does 
influence visualization and identification of 
varices 

Oppcrtunistic Pulmonary Infections: Clin- 
ical Correlations and Radiographic Findings. 
Christine H. Murphy, M.D., Stewart R. 
Roberts, Jr., M.D., Stephen F. Schwarz- 
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mann, M.D., and Ted F. Leigh, M.D., 
Emory University Affiliated Hospitals, 
Atlanta, Georgia. ° 

Due to prolongation of life through organ 
transplantation, chemotherapy of malig- 
nant disease, surgery and instrumentation, 
and antibiotic therapy, organisms which 
normally inhabit the host in a commensal 
relationship have increasingly become them- 
selves pathogens. Opportunistic pulmonary 
infections were categorized and correlated 
with the underlying primary disease. Typi- 
cal findings of illustrative opportunistic 
pulmonary infections were presented. 

The Radiology of Pulmonary Tuberculosis 
in Childhood. Martin H. Reed, M.D., and 
Reynaldo D. Pagtakhan, M.D., Health 
Sciences Children’s Centre, Winnipeg, 
Manitoba. 

Despite the declining prevalence of tu- 
berculosis in North America, it remains a 
significant health problem in certain groups 
and areas. Radiologists must, therefore, be 
aware of the condition. This exhibit was 
based on the authors’ experience of ap- 
proximately 40 new cases a year. It showed 
the important radiological features of pul- 
monary tuberculosis in childhood which 
include: 


1. The primary complex. 
This comprises the initial focus of in- 
fection in the lung and in the enlarged 
draining lymph nodes. 

2. Secondary effects of lymph node en- 
largement: 
(a) Overinflation 
(b) Atelectasis 
(c) Bronchiectasis 

3. Pleural effusion 

4. Miliary disease 

s. Other uncommon abnormalities. 


Diffuse Idiopathic Skeletal Hyperostosts. 
Donald Resnick, M.D., and Gen Niwa- 
yama, M.D., Veterans Administration Hos- 
pital, San Diego, California. 

In this beautiful exhibit newer concepts 
in the pathogenesis and roentgenographic 
appearance of spinal osteophytes were out- 
lined in a radiographic and pathologic 
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evaluation of over 200 autopsies. The en- 
tire anterior thoracic and lumbar vertebral 
column was removed intact and coronal or 
sagittal sections of the frozen specimens 
were radiographed and photographed. Tis- 
sue maceration and histologic evaluation 
utilizing paraffin embedding were em- 
ployed. 

The spinal osteophytes of diffuse idio- 
pathic skeletal hyperostosis begin as perio- 
steal new bone formation along the an- 
terior and right lateral aspects of the 
vertebra. Initial or concomitant calcifica- 
tion and ossification in the anterior longi- 
tudinal ligament eventually merge with the 
underlying vertebra and produce large ex- 
crescences which appear as “flowing” osteo- 
phytes along portions of the thoracic spine, 
frequently with an underlying radiolucency, 
or irregular spurs at the vertebral body- 
intervertebral disk junction in the lumbar 
region. The outgrowths are usually asso- 
ciated with maintenance of disk height. 

Evidence presented suggests this disease 
is distinct from “degenerative” disk disease 
(intervertebral osteochondrosis) and part 
of a generalized “‘ossifying diathesis” of the 
skeleton. The differential diagnosis of spinal 
outgrowths (e.g., ankylosing spondylitis, 
acromegaly) was discussed again utilizing 
radiographic and pathologic correlation. 

The Sella Turcica (Some Lesser Known 
Dynamic Features). Mohammad Sarwar, 
M.D., and Leonard E. Swischuk, M.D., 
University of Texas Medical Branch, 
Galveston, Texas. 

This exhibit emphasized some lesser 
known dynamic aspects of the sella turcica. 
Basically these include: 


1. Infrequently recognized changing con- 
figurations in endocrinopathies and 
metabolic disease (7.e., the rebound 
“cherry” sella of hypothyroidism, 
etc.) 

Progressive sellar changes in certain 
chondrodystrophies and bony dys- 
plasias (i.e., the progressive growing 
sella of Hurler’s syndrome and the 
dysplastic sella of neurofibromatosis). 
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3. The etiology of the elongated sella in 
conditions such as achondroplasia, 
arrested hydrocephalus, etc. 

4. Progressive sellar changes (demineral- 
ization, dorsum and posterior clinoid 
erosion, enlargement) reflecting chron- 
ically increased intracranial pressure 
(from the infant to the adult) and 

5. The problem of the J-shaped or 
Omega-shaped sella. 


Complications of Abdominal Aortic Re- 
constructive Surgery: Roentgenologic Evalua- 
tion. William M. Thompson, M.D., Irwin 
S. Johnsrude, M.D., Donald C. Jackson, 
M.D., and Robert A. Older, M.D., Duke 
University Medical Center, Durham, North 
Carolina. 

Complications following abdominal aor- 
tic surgery are infrequent, but sometimes 
fatal. These include vessel occlusion, infec- 
tion and/or erosion of the graft with ab- 
scess formation, false aneurysm, fistula 
formation, and aortic rupture. Conventional 
abdominal radiography, barium studies, 
and angiography may determine the nature 
and extent of the complication and predict 
future therapy. 

From 1969 through 1973, 35 of over 1,000 
patients at Duke University Medical Cen- 
ter had complications following abdominal 
aortic surgery. Five of these had aorto- 
enteric or paraprosthetic enteric fistulas. 
The problems associated with accurate 
diagnosis and the proper sequence of radio- 
graphic evaluation were illustrated. 

Evaluation of Orbital Lesions. Alfred L. 
Weber, M.D., Richard L. Dallow, M.D., 
and K. Jack Momose, M.D., Massachu- 
setts Eye and Ear Infirmary, Boston, 
Massachusetts. 

This exhibit illustrated lesions of the 
orbit and eye seen at the Massachusetts 
General Hospital and Massachusetts Eye 
and Ear Infirmary in the last 23 years. The 
material was drawn from 300 ultrasound 
studies of the orbit and 150 CAT scans, 
done during this period. These examina- 
tions were compared with conventional 
radiographic techniques, such as plain 
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films, tomography and angiography. The 
main emphasis was placed on orbital le- 
sions. Entities shown’ included tumors, in- 
flammatory conditions, dysthyroid exoph- 
thalmos and orbital hemorrhage. 

Breast Parenchymal Patterns as Index of 
Risk for Developing Breast Cancer. John N. 
Wolfe, M.D., Hutzel Hospital, Detroit, 
Michizan. 

The exhibit concerned itself with the 
identincation of patterns of breast paren- 
chyma which in themselves indicate a risk 
for the development of breast cancer. 

In a relatively asymptomatic population 
one can isolate 95 percent of breast cancers; 
for example, in approximately 50 percent 
of the population between the ages of 30 
anc 4¢ and approximately 60 percent of the 
population thereafter. 

The criteria can be more selective, 78 
percent of the carcinomas can be isolated 
in 30 percent of the population between the 
ages of 30 and 4g and 22 percent of the 
population thereafter. s 

Intrarenal Arterial Collaterals. Heun Y. 
Yune, M.D., and Eugene C. Klatte, M.D., 
Indiana University School of Medicine, 
Indianapolis, Indiana. 

The old contention by some anatomists 
that the intrarenal branches of the renal 
artery are incapable of developing col- 
lateral channels because they are end ar- 
teries is proved to be wrong. Angiographic 
demonstration of intrarenal arterial col- 
laterals was recently reported. In the past 
three years, the authors have encountered 
five patients who had significant stenosis of 
either zhe main renal artery or renal artery 
branches which was associated with pri- 
marily intrarenal collateral circulation. 
The angiographic anatomy, and the inci- 
dence and clinical significance of these col- 
laterals were evaluated in this exhibit. 


OTHER EXCELLENT ExuHIBITs WERE: 


Pelvic Masses in Children. Ehsan Afshani, 
M.D., and Jerald P. Kuhn, M.D., Chil- 
dren’s Hospital of Buffalo, Buffalo, New 
York. 

This exhibit was designed to demon- 
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strate the classification and types of com- 
mon pelvic masses that can occur in chil- 
dren and the roentgenographic demonstra- 
tion of masses by virtue of other adjacent 
structure abnormalities. The use of ultra- 
sound also facilitates the exact location and 
type of masses. The importance of the use 
of all roentgenographic modalities as well 
as ultrasound was recommended to help 
the surgeon for proper management. 

The Arterial Blood Supply to the Liver in 
Cirrhotic Patients. Jeanne W. Baer, M.D., 
St. Luke’s Hospital Center, New York, 
New York. 

The manner in which the liver derives its 
arterial supply was studied in 25 non- 
cirrhotic patients and 20 cirrhotic patients. 
Although some arterial supply was derived 
from the superior mesenteric artery through 
the gastroduodenal arcade in 2/25 non- 
cirrhotic patients, this was a much more 
common finding in cirrhosis, 8/20. The de- 
gree of collateral flow to the liver from the 
superfor mesenteric artery was greater in 
cirrhosis as demonstrated by the failure to 
fill the gastroduodenal artery during a 
celiac angiogram in 4/20 cirrhotics. This 
phenomenon is thought to be related to the 
number and size of intrahepatic arterio- 
portal shunts. 

Diagnostic Radiological Health Sciences 
Learning Laboratory. Reynold F. Brown, 
M.D., The American College of Radiology, 
San Francisco, California. | 

The Diagnostic Radiological Health Sci- 
ences Learning Laboratory is an educa- 
tional system which teaches the basic skills 
of the three components of a radiographic 
examination: (1) the selection of the pa- 
tient for the examination; (2) the conduct 
of the examination; and (3) interpretation 
of the results. Materials are provided for 
the specific educational needs of each of 
these components. 

The lectures in the “Selection of Pa- 
tients for X-ray Examinations” syllabus 
present the information needed by physi- 
clans to make informed patient selection 
decisions. The “‘Correlated Physics-Lecture 
Laboratory Series” provides radiology resi- 
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dents and others involved in the perfor- 
mance of radiographic examinations the 
physics background necessary for the 
proper operation of x-ray equipment. In- 
terpretation is taught through use of the 
Learning File which offers a simulated ex- 
perience in clinical radiographic interpreta- 
tion. 

The Use of Diagnostic Ultrasound in the 
Detection of Acute Rejection of Renal Allo- 
grafts. Vlastimil Capek, M.D., University 
of Illinois, Chicago, Illinois. 

For assessment of *the immediate post- 
operative course of patients with renal 
transplant, a routine sequence of ultrasonic 
studies is very useful for early detection of 
acute rejection. The standardized technique 
allows comparative evaluation of changes 
in the size of the transplant, strength of 
interfaces and quality of calyceo-pelvic 
echoes. 

Observed changes make diagnostic and 
prognostic evaluation of rejection episodes 
possible. Occasionally ultrasound findings 
are the earliest indication of this complica- 
tion. Experiences with more than 70 cases 
were presented. 

Selective Arterial Embolization for Control 
of Gastroduodenal Hemorrhage. Vincent P. 
Chuang, M.D., and Stewart R. Reuter, 
M.D., University of Kentucky Medical 
Center, Lexington, Kentucky; and Wayne 
County General Hospital and University of 
Michigan, Eloise, Michigan. 

Twenty-one patients with massive upper 
gastrointestinal hemorrhage were treated 
by embolization over a two year period. 
The over-all success rate was 76 percent 
(16/21) patients. Excluding patients with 
gastritis, I5 patients had active arterial 
bleeding sites. In 14 of these, bleeding was 
controlled, a success rate of 93 percent. The 
technique and representative cases were 
illustrated. 

Case of the Day—Adult. James L. 
Clements, Jr., M.D., William E. Torres, 
M.D., and Marjorie B. McSweeney, M.D., 
Emory University, School of Medicine, 
Atlanta, Georgia. 

Each day a different case in the field of 
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adult radiology was presented. The answer 
was given the following day along with a 
description of the clinical condition, and a 
discussion of the entity. For those making 
the correct diagnosis, a winner’s badge was 
awarded. 

Gastric Pseudo-Ulcers: Membrana Angu- 
laris and Pyloric Torus Defects. J. L. 
Clements, Jr., M.D., William E. Torres, 
M.D., Patrick W. Peavy, M.D., and H. 
Stephen Weens, M.D., Emory University, 
School of Medicine and Grady Memorial 
Hospital, Atlanta, Georgia. 

The membrana angularis and pyloric 
torus defects are two physiologic bulges 
which can simulate ulceration on the lesser 
curvature of the stomach. The features 
were reviewed in an attempt to facilitate 
recognition on the gastrointestinal exami- 
nation. 

Spontaneous Internal Drainage of Pan- 
creatic Pseudocysts. J. L. Clements, Jr., 
M.D., James A. Johnson, III, M.D., S. 
Boyd Eaton, M.D., and H. Stephen Weens, 
M.D., Emory University, School of Medi- 
cine and Grady Memorial Hospital, At- 
lanta, Georgia. 

Spontaneous communications of pan- 
creatic pseudocysts with the gastrointesti- 
nal tract are rarely demonstrated. Barium 
contrast documentations of such communi- 
cations with the esophagus, stomach, 
duodenum and colon were presented. Ultra- 
sound documentations of pancreatic dis- 
ease were included in some cases. 

Individualized Computer Tomography of 
the Skull with the EMI Scanner Using the 
160 X 160 Matrix. Steven H. Cornell, M.D., 
Jacob J. Musallam, M.D., Ching L. Chiu, 
M.D., and James H. Christie, M.D., Uni- 
versity of Iowa Hospitals, Iowa City, 
Towa. 

The manufacturer’s new program with 
160 X 160 absorption coefficients being com- 
puted instead of the original 80 X 80 results 
in images of greatly improved resolution. 
Additionally, it is now possible to view the 
sections while the patient is still on the 
table. This enables the examiner to indi- 
vidualize the procedure by repeating un- 
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satisfactory slices immediately, obtaining 
sections at different levels or with the head 
positicned differently? or injecting contrast 
material. Lesions initially seen poorly or 
not at all have been demonstrated following 
these modifications. This individualized 
approzch was illustrated with numerous 
examples. 

Glomus ‘fugulare Tumors: The Value of 
Latera! Tomography. D. Beatty Crawford, 
M.B., J. Powell Williams, M.D., and P. 
Noel Connaughton, M.B., University of 
Connecticut, School of Medicine and Health 
Center, Farmington, Connecticut; and the 
University of Maryland, Baltimore, Mary- 
land. 

The radiological diagnosis of glomus 
jugulare tumors is usually made by uti- 
lizing multidirectional tomography and 
vascular studies. Most emphasis has been 
placed on anteroposterior and modified 
submentovertical tomography, but in this 
study the exhibitors stressed the value of 
lateral tomography. There is a wide tange 
of normal measurements on the antero- 
posterior and submentovertical views, but 
in this series they found this range to be 
much -ess on lateral views and felt that 
both quantitatively and qualitatively the 
lateral view is a valuable adjunct to the 
other radiological investigations. 

This exhibit featured the normal and ab- 
normal tomographic appearances of the 
jugular canal and quantitive measurements 
obtained from a series of lateral views. 

Thorium Induced Hepatic Hemangioendo- 
thelioma: Roentgen-Angiographic Findings 
in Two Additional Cases with Emphasis on 
Recognition of Thorotrast “Carriers.” Joseph 
L. Curry, M.D., William G. Johnson, 
M.D., David H. Feinberg, M.D., and John 
H. Updegrove, M.D., Easton Hospital, 
Easton, Pennsylvania. 

Two additional cases of thorium related 
hepatic hemangioendothelioma were shown 
with correlated roentgen-angiographic find- 
ings and pertinent histology. The rarity of 
spontaneous hemangioendothelioma was 
emphasized. Renewed interest has been 
stimulated by the recently recognized rela- 
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tionship between this malignancy and ex- 
posure to vinyl chloride in industry. 

The authors conclfided that the number 
of human thorotrast “carriers” is unknown 
and represents a rapidly disappearing 
group of individuals. All physicians review- 
ing chest and abdominal roentgenograms 
should be aware of the characteristic ap- 
pearance of thorium deposits. Angiography 
of the “thorotrast liver” may provide in- 
formation of prognostic and therapeutic 
value. 

Sequelae of Stomach Surgery. Anne Curtis, 
M.D., and Morton Burrell, M.D., Yale- 
New Haven Hospital, New Haven, Con- 
necticut. 

This exhibit included a number of com- 
mon and rare radiographically identifiable 
complications following gastric surgery. 

Epidural Venography in Herniated Lum- 
bar Intervertebral Disks. Richard H. Dafiner, 
M.D., and George F. Drasin, M.D., Uni- 
versity of Louisville, School of Medicine, 
Louigville, Kentucky. 

Epidural venography of the lumbar veins 
is a simple and relatively safe procedure for 
the diagnosis of herniated lumbar inter- 
vertebral disks. The accuracy equals that 
of myelography and exceeds it in the diag- 
nosis of lateral herniations. It is especially 
useful in symptomatic patients who have a 
normal myelogram. A significant number 
of herniated disks have been found in this 
regard. The authors feel the study should 
be performed in every patient with symp- 
toms who have a normal myelogram. 

Areae Gastricae. Gerald D. Dodd, M.D., 
Harvey Goldstein, M.D., James Anderson, 
Ph.D., Lee Rogers, M.D., and Tom Harle, 
M.D., University of Texas System Cancer 
Center; M. D. Anderson Hospital and 
Tumor Institute; and University of Texas 
Medical School at Houston—Herman Hos- 
pital, Houston, Texas. 

The areae gastricae (fine gastric mucosal 
relief) consists of tiny ovoid and/or poly- 
gonal areas measuring up to several milli- 
meters in diameter. The pattern is visual- 
ized radiographically when barium enters 
the shallow grooves surrounding the areae, 
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thereby producing a “network” appear- 
ance. The radiographic appearance of the 
fine relief pattern was presented and corre- 
lated with the anatomic appearance seen 
with gross specimens and scanning electron 
microscopy. Factors involved in the radio- 
logic delineation of the pattern including 
patient characteristics and examination 
techniques were discussed. The possible 
clinical significance in the diagnosis of 
gastritis and infiltrative diseases of the 
stomach was presented. 

The “Coat and Drasn’’ Method of Demon- 
strating Ulcers, Non-malignant, and Malig- 
nant Lesions of the Gastrointestinal Tract. 
John Jack Douglas, M.D., St. Thomas 
Hospital, Akron, Ohio. 

Many lesions, whether they are early or 
late, large or small, benign, or malignant, 
are readily obscured and missed by the 
usual techniques used for the “initial” 
x-ray study. 

This exhibit demonstrated the desirabil- 
ity of obtaining routine mucosal relief de- 
lineation, and by “coating” the lesion, and 
obtaining “drain” films, more readily de- 
picting the presence of ulcers, non-malig- 
nant changes (regional ileitis, enteritis with 
ulcerations, ulcerative colitis, superficial 
gastric erosive ulcerations), and malignant 
lesions as to the size, extent, character, and 
location in the gastrointestinal tract. 

The emphasis was on malignant changes 
—particularly those involving the stomach. 

Pulmonary Manifestations of Sarcoidosis. 


Richard D. Dunbar, M.D., John E. Hodg- 


kin, M.D., and Lester Medford, M.D., 
Loma Linda University, Loma Linda, 
California. 


Examples of the four main types of pul- 
monary sarcoid were shown with a descrip- 
tion of each. Significant diagnostic data, 
clinical and laboratory findings of pulmo- 
nary sarcoid were described. 

Aneurysmal Bone Cysts. D. Dyck, M.D., 
M. Hamonic, M.D., and R. I. MacPherson, 
M.D., University of Manitoba, Winnipeg, 
Manitoba. 

Aneurysmal bone cysts are benign, soli- 
tary, expansile, cystic tumors found in the 
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vertebrae, flat and cylindrical bones. 

In this exhibit, the clinical, radiologic 
and pathologic features of aneurysmal bone 
cysts were reviewed along with the differ- 
ential diagnosis and treatment. 

It was concluded that aneurysmal bone 
cysts are found mostly in the axial skele- 
ton; some have characteristic radiologic 
signs that will permit a preoperative diag- 
nosis, and radiation therapy is effective in 
large, difficult to excise lesions. 

Reconstructed Images of Computer Gen- 
erated Tomography Data. Robert A. Evans, 
M.D., L. Anne Hayman, M.D., Lawrence 
A. Larsen, M.D., and Robert S. MacIntyre, 
M.D., Baylor College of Medicine and the 
Methodist Hospital, Houston, Texas. 

A new technique has been developed for 
the presentation and evaluation of images 
from computerized tomography (CT). De- 
signed to help the radiologist assimilate the 
high resolution data generated by the com- 
puter, the system presents a picture con- 
taining digital and analog information 
simultaneously. Multi-level gray shades 
provide anatomic definition with each gray 
shade printed as an easily readable number. 
These optically weighted numbers provide 
the ability to instantly evaluate material 
densities over a significantly increased 
range. This technique definitely speeds in- 
terpretation of the data with enhancement 
of sensitivity and specificity. 

Rheumatoid Arthritis: Usual and Unusual 
Manifestations. Pieretta S. Ferro, M.D., 
Luceil B. North, M.D., Martin D. Lidsky, 
M.D., F. Gyorkey, M.D., and K. W. Min, 
M.D., Veterans Administration Hospital, 
Houston, Texas. 

This exhibit presented a review of the 
changes of rheumatoid arthritis, ranging 
from soft tissue swelling, cortical thinning 
and erosion to the most severe destructive 
changes in the extremities, spine and lung. 

Pathology slides accompanied some of 
the radiographs. 

Arthrographic Demonstration of Sealed 
Peripheral Separation of the Meniscus of the 
Knee. Edgar J. Filson, M.D., Raul S. 
Buelvas, M.D., H. Clark Deriso, AA a 
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Thomas L. German, M.D., Andrew T. 
Sheils, M.D., and Leslie L. Wilkes, M.D., 
Candler General Hospital, Savannah, Geor- 
gia. 

The normal anatomy of the coronary 
ligament of the knee and the arthrographic 
signs of peripheral separation of the menis- 
cus from this ligamentous attachment are 
demonstrated. These separations usually 
seal radiographically producing distinctive 
signs on the arthrogram but leading to con- 
tinued knee disability. Their recognition is 
of extreme importance to both the radiolo- 
gist and the orthopedic surgeon. 

Radium Osteitis. John J. Fitzpatrick, 
M.D.. and Roger D. Pinc, M.D., Cook 
County Hospital, Chicago, Illinois. 

Roentgenograms of a 72 year old female 
with the world’s highest known body 
burdea of ingested radium (almost three 
millicuries) were presented and showed 
systemic changes with pathologic fracture 
and non-union requiring amputation. 

Chest Wall Tumors in Infants and Chil- 
dren. E. A. Franken, Jr., M.D., and John 
A. Smith, M.D., Indiana University Medi- 
cal Center, Indianapolis, Indiana. 

Masses of the chest wall, uncommon in 
the pediatric age group, were classified by 
location, roentgen appearance, and his- 
tology: 


1. Subcutaneous—benign and malignant 

2. Bony lesions associated with general- 
ized disease (e.g., multiple exostosis, 
histiocytosis X) 

3. Osseous tumors 


a. Benign 
b. Malignant—primary and meta- 
static 
4. Extrapleural masses—benign and ma- 
liznant 


Their conclusions were that: 


1. Metastatic tumors of the rib cage are 
much more common than primary 
neoplasms 

2. Ewing’s sarcoma is the most common 
p-imary osseous malignancy of the 
thoracic cage 

3. Most chest wall masses unassociated 
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with generalized bone disease are ma- 
lignant. ; 

Epicardial Fat Line in Left Pleural Effu- 
stons. David Frolich, M.D., James L. 
Clements, M.D., and H. S. Weens, M.D., 
Emory University, Atlanta, Georgia. 

This exhibit demonstrated the usefulness 
of visualization of the epicardial fat line in 
the diagnostic evaluation of pleural effusion 
on the left. 

Case of the Day—FPediatric. Brit B. Gay, 
Jr., M.D., Turner Ball, Jr., M.D., and 
George O. Atkinson, M.D., Emory Uni- 
versity School of Medicine, Atlanta, Geor- 
gia. 

A different pediatric case was presented 
daily with pertinent clinical history and 
significant radiographs. The correct diag- 
nosis was given the following day, along 
with a discussion of the condition. Correct 
diagnosticians were rewarded. 

Radiologic Features of Congenital Urethral 
Duplitation: A Report of Six Cases. Brit B. 
Gay, Jr., M.D., William E. Torres, M.D., 
Frank G. Hryshko, M.D., John R. Wood- 
ward, M.D., and Samuel S. Ambrose, 
M.D., Henrietta Egleston Hospital for 
Children, Atlanta, Georgia. 

Duplication anomalies of the urethra are 
rare. This exhibit illustrated variation in 
the anomaly. A simple classification and six 
new cases of urethral duplication were 
presented. . 

ACR Program of Audio-Visual Materials 
in Continuing Education. Eugene Ged- 
` gaudas, M.D., American College of Radi- 
ology, Chicago, Illinois. 

- Video-tape programs on selected radio- 
logical topics were shown using a TV re- 
ceiver and video-tape player. 

Venous Angiography of Hemodialysis 
Fistulas: Experience with 72 Studies. Louis 
Arnold Gilula, M.D., Tom Weinberg Staple, 
M.D., and Charles B. Anderson, M.D., 
Mallinckrodt Institute of Radiology, Wash- 
ington University School of Medicine, St. 
Louis, Missouri. 

Venous angiography provides a means of 
visualizing both the arterial and venous 
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sides of a hemodialysis fistula in out-pa- 
tients, without inherent risks of vascular 
damage accompanying an arterial punc- 
ture. This exhibit is related to an RSNA 
presentation in 1974 and a journal article 
published in Radiology, June, 1975. The 
technique was described. Several examples 
demonstrated the use of this procedure. 

The Use of Ultrasonography in the Study 
of Pleuro-Pulmonary Lesions. Antonio Car- 
melo Gonzalez, M.D., Narumol Srisutha- 
pan, M.D., James Luther Clements, Jr., 
M.D., and Ellen Lard, R.T.T., Emory 
University School of Medicine and Grady 
Memorial Hospital, Atlanta, Georgia. 

This exhibit emphasized the usefulness 
of A and B-mode ultrasonography in the 
following instances: 


1. Differentiation of pleural fluid accu- 
mulation from fibrotic pleural thick- 
ening, tumor implants at the pleural 
border, and outlining pulmonary pa- 
thology adjacent to pleural effusions | 
that cannot be visually resolved by 
chest roentgenology. 

2. Localization of paracardiac, extraperi- 
cardial fluid accumulations. 

3. Ultrasound guidance in draining pleu- 
ral fluid accumulations and placement 
of chest drainages. 


A diagrammatic illustration explained 
the method of obtaining the ultrasound 
scan. Each of six illustrative cases showed 
the x-ray, ultrasound, and a.legend with 
the case’s interpretation. A final frame was 
used for summary and conclusion. 

Complementary Role of Conventional Neu- 
roradiology and Computerized Tomography 
in Pediatrics. C. F. Gonzalez, M.D., S. H. 
Lee, M.D., N. Thomas LaCava, M.D., M. 
Mitchel, M.D., M. Katz, M.D., P. N. 
Laffey, M.D., J. G. Teplick, M.D., and 
M. E. Haskin, M.D., Hahnemann Medical 
College and Hospital and Temple Uni- 
versity Medical School, Philadelphia, Penn- 
sylvania. 

Correlation between conventional neuro- 
radiology procedures in infants and chil- 
dren and the CT Scan was presented. The 
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cases were selected as having presented 
difficulties in interpretation that were 
easily overcome with the help of the CT 
Scan. 

Angiographic Results of Microsurgical 
Bypass for Cerebral Ischemia. Gerald L. 
Grube, M.D., and Joseph R. Thompson, 
M.D., Loma Linda University Medical 
Center, Loma Linda, California. 

The anastomosis of the superficial tem- 
poral artery to the middle cerebral artery 
is a recently developed microneurosurgical 
procedure for the freatment of cerebral 
ischemia. Sixty-six patients with transient 
ischemic attacks and internal carotid or 
middle cerebral artery occlusive lesions 
were studied angiographically before and 
(of these) 46 after STA to MCA anastomo- 
sis. This exhibit reviewed the clinical indi- 
cations, angiographic evaluations, and the 
clinical and angiographic results in those 66 
patients. Significant improvement in cere- 
bral blood flow and good to excellent results 
were achieved in 85 percent, with an anas- 
tomosis patency rate of 85 percent. 

Hydrostatic Reduction of Ileocecal Intus- 
susceptions. Francis J. Y. Hahn, M.D., and 
Rolf L. Schapiro, M.D., University of 
Iowa Hospitals, Iowa City, Iowa. 

This exhibit illustrated the hydrostatic 
reduction of ileo-cecal intussusceptions. 


This included: 


1. Critical review of new techniques. 

2. Cautions and responsibilities of radi- 
ologists. 

3. Complications and evaluation of re- 
sults. 

4. Clinical and pathologic correlations. 

. Contraindications and indications with 

case demonstrations. 


Wn 


Roentgen Signs of Basal Skull Fracture. 
Francis J. Y. Hahn, M.D., and Kenneth D. 
Dolan, M.D., University of Iowa Hospitals, 
Iowa City, Iowa. 

This exhibit illustrated direct and in- 


direct signs of basal skull fractures. 
These include: 


1. Direct signs 
A. Interruption of cortical line 
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B. Distortion of sella turcica 

C. Elevation of petrous apex 

D. Interruption of occipital squama 

. Indirect signs 

A. Opaque sphenoid sinus with air- 
fluid levels 

3. Increased density of mastoid pneu- 
matization 

C. Air in subarachnoid space. 


tw 


Uncommon Mediastinal Masses. Francis 
J. Hahn, M.D., and Rolf L. Schapiro, 
M.D.. University of Iowa Hospitals, Iowa 
City, Iowa. 

The radiographic manifestations of vari- 
ous uncommon mediastinal masses were 
preserted. These included: 


(A) Anterior and middle 


masses, 


mediastinal 


1. Cavernous hemangioma 

2. Angiofollicular lymphoid hamar- 
toma (Kastleman’s disease) 

3- Empyema ‘ 

4. Primary intrathoracic seminoma 

5. A huge nodular goiter 

6. Thymolipoma (2 cases) 


Posterior mediastinal masses. 


(B) 


1. Mycotic aneurysm of descending 
aorta 

2. Esophageal varices 

3. Leiomyoma of esophagus and stom- 
ach 

4. Extramedullary hematopoiesis 

5. Bochdalek hernia in adults. 


Plain Film Diagnosis of Massive Gastro- 
intestinal Hemorrhage. Sang Y. Han, M.D., 
David M. Witten, M.D., and H. S. Prim, 
M.D., University of Alabama School of 
Medicine, Birmingham, Alabama. 

Four cases of massive bleeding into the 
stomach and one into the colon were cor- 
rectly diagnosed on plain films of the ab- 
domen. Four patients were referred for 
angiographic localization of the bleeding 
lesion. One patient had emergency upper 
gastrointestinal series with barium meal. 

Radislogical findings suggestive of bleed- 
ing in all cases were mottled, bubbly radio- 
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lucencies confined to the lumen of either 
the stomach or the colon. History revealed 
that none of the patients received anything 
by mouth for more than a week prior to the 
examination, excluding the possibility of 
retained food in the stomach and fecal ma- 
terial in the colon. 

Recognition of these characteristic find- 
ings on plain films facilitates appropriate 
management of this life-threatening com- 
plication. 

The Calcified Myocardial Infarct: Value 
of the Lateral Chest Roentgenogram. Robert 
E. Hanson, M.D., and Robert Lisbona, 
M.D., Royal Victoria Hospital, Montreal, 
Canada. 

Reports of radiologically evident calcified 
myocardial infarcts have been infrequent 
and, with few exceptions, limited to single 
case reports. The authors have observed 7 
cases over the past two and a half years; in 
6 of these, the correct diagnosis was made 
by recognition of a curvilinear calcification 
visible only on the lateral chest roentgeno- 
gram. This feature has not been empha- 
sized in previously reported cases; a factor 
which may account for its infrequent clini- 
cal recognition in the past. 

The clinical material of these cases, 
roentgen findings and differential diagnoses 
were presented, as well as a brief review of 
the coronary occlusive pattern which re- 
sults in this unusual condition. 

The true incidence of calcified infarcts 1s 
undoubtedly higher than the literature 1n- 
dicates. With attention to the lateral pro- 
jection, chest roentgenology can play a key 
role in increasing the clinical recognition of 
this entity. 

Dislocations and the Radiologist. Norma 
F. Harris, M.D., Edward Knudson, M.D., 
and Robert S. McIntyre, M.D., Baylor 
College of Medicine and Shrine Hospital for 
Crippled Children, Houston, Texas. 

Dislocations of interest to the practicing 
radiologist were selected from the many 
that have presented at Ben Taub Hospital 
and Baylor Affiliated Hospitals over the 
past seven years. These were selected be- 
cause of their rarity, their complications 
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and associated injuries, their subtle radio- 
graphic findings and their association with 
other pathology or disease states. 

The Myelography Needle: A New Cannula 
for Aspiration. Vincent C. Hinck, M.D., 
Baylor College of Medicine, Houston, 
Texas. 

Cuatico developed a cannula for aspira- 
tion of radiopaque substance through a 
standard spinal needle at the conclusion of 
positive contrast myelography. It was de- 
signed to avoid the severe nerve root pain 
often caused by aspiration through the 
spinal needle alone. Use of his cannula has 
certainly lowered the incidence of pain but 
has not eliminated it. The author suggests a 
reason for this and on the basis of which he 
designed a new cannula. It has undergone 
clinical trial with highly encouraging re- 
sults and will soon be available commer- 
cially. 

The Ligamentous Anatomy of the Ankle: 
A Roentgenographic Study. Jeremy J. Kaye, 
M.D., and Walther H. O. Bohne, M.D., 
Hospital for Special Surgery, New York, 
New York. 

The major ankle ligaments were corre- 
lated with the osseous structures seen on 
standard radiographs by opacifying dis- 
sected ligaments with powdered tantalum. 
The anatomical data thus obtained were 
correlated with clinical ankle arthrograms. 

A Roentgenographic Anatomy of the Wrist 
Utilizing Photographic Addition Techniques. 
Jeremy J. Kaye, M.D., and Walther H. O. 
Bohne, M.D., Hospital for Special Surgery, 
New York, New York. 

The precise location of the various car- 
pal bones on standard radiographs was 
studied in dissected specimens using photo- 
graphic addition. This information facili- 
tates interpretation of wrist roentgeno- 
grams. 

Radiologic Spectrum of Amyloidosis in 
the Thorax. Judith Kossof, M.D., and 
Steven K. Teplick, M.D., Boston Uni- 
versity Medical Center, Boston Massa- 
chusetts. 

The manifestations of amyloid disease in 
the thorax were discussed and the major 
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radiographic findings presented. 

The Radiologic Spectrum of Amyloidosis 
in the Gastrointestinal Tract, Skeleton and 
Kidney. Judith Kossoff, M.D., and Stephen 
Teplick, M.D., Boston City Hospital, 
Boston, Massachusetts. 

Patients with primary and secondary 
amyloidosis admitted to the Boston City 
Hospital over the past five years were pre- 
sented with special emphasis placed on 
manifestations of the disease as related to 
three organ systems. 

Conditions Simulating Fractures of the 
Atlas and Axis. Richard H. Laib, M.D., 
John A. Gehweiler, Jr., M.D., and William 
Clark, M.D., Duke University Medical 
Center, Durham, North Carolina. 

In evaluating injuries of the upper cervi- 
cal spine, consideration should be given to 
conditions simulating fractures. An illus- 
trative—descriptive distillation of frac- 
tures and borderlands of the normal was 
presented. 

Bilateral Pulmonary Hypoplasia in the 
Newborn. John C. Leonidas, M.D., Richard 
A. Fellows, M.D., and Eugene C. Beatty, 
M.D., Children’s Mercy Hospital, Kansas 
City, Missouri. 

Pulmonary hypoplasia in the newborn 
may be unilateral or bilateral and it may 
cause high morbidity and mortality. The 
various causes of pulmonary hypoplasia 
were presented, including the effects of ma- 
ternal oligohydramnios, renal agenesis or 
severe dysplasia, skeletal disease and dia- 
phragmatic hernia. Clinical material was 
illustrated with special emphasis on pathol- 
ogy and radiologic manifestations of neo- 
natal pulmonary hypoplasia. 

Breast Specimen Radiology. J. David 
Lewis, M.D., Katherine Shaffer, M.D., 
Edward Wilkinson, M.D., and John R. 
Milbrath, M.D., Medical College of Wis- 
consin, Milwaukee, Wisconsin. 

Increased use of mammography has led 
to detection of more clinically occult breast 
cancers. When a cluster of calcifications 
discovered by mammography is the only 
sign of malignancy, the surgeon must be 
certain that these calcifications are present 
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in the biopsy specimen. Specimen radiogra- 
phy is essential to asspre removal and histo- 
logical examination of the suspicious area 
seen on mammography. 

infusion Tomography of the Gallbladder in 
Acalculus Cholecystitis. Leon Love, M.D., 
Michzel Shannon, M.D., Jose Manuel 
Cardcso, M.D., Lizandro Elizando, M.D., 
and Rogelio Moncada, M.D., Loyola Uni- 
versity of Chicago, Stritch School of Medi- 
cine, Maywood, Illinois; and Hospital 
General Centro Medico Nacional I.M.S.S., 
Mexico City, Mexico. 

Twelve cases of pathologically proved 
acalculus cholecystitis were presented. Ra- 
diographs of the patient’s positive infusion 
tomography of the gallbladder, along with 
photographs of the specimens, were shown. 

Lhe Sella Turcica in Childhood Endocrine 
Disease. Kathleen McCarten, M.D., Law- 
rence R. Kuhns, M.D., Andrew K. Poznan- 
ski, M.D., and John F. Holt, NLL, ©. S. 
Mott Children’s Hospital, University of 
Michigan Medical Center, Ann Arbor, 
Michigan. 

Diagnostic radiographic changes in the 
size and configuration of the sella turcica in 
endocrine conditions and tumors of child- 
hood were shown. 

Breast Screening Results After Two Years 
and 10,000 Patients. John R. Milbrath, 
M.D., Katherine A. Shaffer, M.D., J. 
David Lewis, M.D., and Lawrence Clowry, 
M.D., Medical College of Wisconsin, Mil- 
waukee, Wisconsin. 

Since July, 1972, the Medical College of 
Wisconsin has conducted one of the 247 
Breast Cancer Screening Demonstration 
Projects sponsored jointly by the American 
Cancer Society and National Cancer Insti- 
tute, 

Ten thousand asymptomatic screenees 
over the age of 35 have been evaluated with 
mammography, thermography, and physi- 
cal examination, in addition to patient his- 
tory. All examinations were interpreted 
independently of the others. 

The results of the first two years were 
presented. Results to date show one cancer 
is found in every 150 patients and that it is 
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very likely to be “early” with greater po- 
tential for cure. . 

Angiography in Vascular Trauma. Kamal 
Mojab, M.D., Leonard Lim, M.D., and 
Justo Rodriguez, M.D., Cook County Hos- 
pital, Chicago, Illinois. 

Angiography plays an important role for 
accurate diagnosis of and better manage- 
ment in vascular trauma. Illustrative cases 
supported this contention. 

Peritoneography: Experimental and Clint- 
cal Experience in Detecting 1 ntra-abdominal 
Abscesses. Rogelio Moncada, M.D., Robert 
Churchill, M.D., Jack Pickleman, M.D., 
Jose Manuel Cardoso, M.D., Hyo H. 
Byun, M.D., Kenji Kimura, M.D., and 
Leon Love, M.D., Loyola University Medi- 
cal Center, Stritch School of Medicine, 
Maywood, Illinois. 

Experimental and clinical examples uti- 
lizing the combined technique of double 
contrast peritoneography and radioisotope 
imaging in diagnosing intra-abdominal ab- 
scess, as well as data of tissue counting of 
radioactivities, were displayed. 

Wedged Hepatic Venography with a 
Balloon-Catheter. D. Novak, M.D., G. H. 
Biitzow, M.D., and K. Becker, M.D., Uni- 
versity Hospital Eppendorf, Hamburg, 
Federal Republic of Germany. 

In patients with end-to-side portacaval 
shunt a SWAN-GANZ balloon-catheter 
was introduced into hepatic veins via the 
femoral or cubital vein. The blockade was 
achieved by insufflation of 1-2 ml of air in 
the balloon of the catheter. Blocked hepatic 
veins were opacified by injection of 10-20 
ml of TELEBRIX at a flow rate of 4-5 
ml/sec. Films were taken at I sec. intervals 
over a 12 sec. period. Wedged hepatic ve- 
nography was performed in order to study 
following parameters: (a) hepatic vein 
filling pattern; (b) sinusoidal filling pattern, 
(c) filling of portal vein branches; and (d) 
presence of collateral veins between hepatic 
and splanchnic or central venous system. 

Does Man Have Tumor Antibodies? Cap- 
tain Charles W. Ochs, Medical Corps, US 
Navy, and Captain J. P. Smith, Medical 
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Corps, US Navy, National Naval Medical 
Center, Bethesda, Maryland. 

Radiographs showed unusual multiple 
small cavitating pulmonary nodules from 
metastatic squamous cell carcinoma of the 
cervix. Tumor immunology, concepts of 
isoimmune response, photomicrographs and 
gross tissue specimens were demonstrated. 

Continuous Injection Supine Phlebogra- 
phy. Charles W. O'Dell, Jr., M.D., and 
Marc N. Coel, M.D., Veterans Adminis- 
tration Hospital and University of Cali- 
fornia, San Diego, Sar? Diego, California. 

A continuous injection supine technique 
of lower limb phlebography employing a 
long leg film changer, a Viamonte-Hobbs 
mechanical pressure injector, thigh cuffs, 
ankle tourniquet, and exercise is reliable, 
simply performed, painless, and has a low 
complication rate. It is well suited for use 
in patients who are acutely ill, partially or 
completely paralyzed, or subject to syn- 
copal episodes which would make upright 
or semi-upright studies difficult. This tech- 
nique gives superior filling of all the deep 
leg veins, the iliac veins, and the lower in- 
ferior vena cava. In a series of 100 consecu- 
tive patients it decreased the need for per- 
cutaneous femoral venographic studies to 
examine the iliofemoral veins and inferior 
vena cava from 37 to II percent. 

Computerized Tomography of Intracranial 
Lesions. Enrique Palacios, M.D., Behrooz 
Azar-Kia, M.D., and Robert Churchill, 
M.D., Loyola University of Chicago and 
Foster G. McGaw Hospital, Maywood, 
Illinois. 

The principle of computerized tomogra- 
phy was presented and illustrated with 
multiple cases. The method was correlated 
with conventional roentgenographic tech- 
niques and with pathological specimens. 
The use of infusion of contrast media with 
computerized tomography to demonstrate 
the lesions to better advantage was empha- 
sized. 

Neuroepithelial Cysts (“Colloid Cysts’). 
Are They Really of Paraphyseal Origin? 
Enrique Palacios, M.D., Behrooz Azar-Kia, 
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Robert Churchill, M.D., Loyola University 
of Chicago and Foster G. McGaw Hospital, 
Maywood, Illinois. 

The controversial problem of the origin 
of the “colloid or paraphyseal cysts”? was 
depicted. Anatomical studies have shown 
that the paraphysis is an extraventricular 
extension of the choroid plexus and derives 
from the neuroepithelium. Cysts arising 
from this structure should be referred to as 
neuroepithelial cysts. Unusual clinical and 
roentgenographic firfdings of these lesions 
which may occur in any portion of the 
ventricular system were presented, 

The “Recto-Sigmoid Index.” A Measure- 
ment for the Early Diagnosis of Hirsch- 
sprung’s Disease. Rubem Pochaczevsky, 
M.D., and John C. Leonidas, M.D., The 
City Hospital Center at Elmhurst, Mt. 
Sinai School of Medicine, New York, New 
York; and the Children’s Mercy Hospital 
and University of Missouri School of Medi- 
cine, Kansas City, Missouri. 

The “Recto-Sigmoid Index” is an objec- 
tive measurement which may prove useful 
in the early diagnosis of Hirschsprung’s 
disease in the newborn, particularly in 
those cases where a colonic transi-ion seg- 
ment is not readily apparent or where its 
presence is subtle or questionable. On the 
basis of their current case material, a 
“Recto-Sigmoid Index” of less than one 
was highly suggestive of this entity. A 
“Recto-Sigmoid Index” of more than one 
or equal to one may indicate a normal 
colon or a condition mimicking Hirsch- 
sprung’s disease such as the meconium plug 
syndrome. 

Aortic Rupture: Angiographic and Plain 
Film Findings of the Left Extrapleural Apical 
Cap. David Robbins, M.D., Charles Put- 
man, M.D., Joseph Simeone, M.D., Hideyo 
Minagi, M.D., and Jerry Fishbone, M.D., 
Yale University School of Medicine, New 
Haven, Connecticut. 

By the time the clinical and usual radio- 
graphic evidence suggests an aortic rup- 
ture, the patient’s chances for survival are 
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reduced. Previously emphasized plain film 
findirgs—widening of the mediastinum, 
displacement of the trachea to the right, 
obscuration of the aortic knob, and depres- 
sion of the mainstem bronchus—indicate 
mediastinal bleeding without necessarily 
alerting the clinician to the diagnosis of 
aortic rupture. The left extrapleural apical 
cap, present on plain film, may be one of 
the earliest, although previously unempha- 
sized signs of traumatic aortic transsection. 
A probable mechanism for the appearance 
of the cap was demonstrated with reference 
to anatomical considerations and examina- 
tion at autopsy. 

The Dominican Republic Conjoined Twins. 
Hennetta Kotlus Rosenberg, M.D., Thomas 
J. Spackman, M.D., and Arnold Chait, 
M.D., The Children’s Hospital of Phila- 
delphia, Philadelphia, Pennsylvania. 

The Dominican Republic Twins were of 
the pubopagus, tetrapus, omphalopagus 
type. The radiologic demonstration of their 
ossecus structures, intra-abdominal vascu- 
lature, genitourinary and gastrointestinal 
tracts was presented. 

The pubic bones were fused. Each baby 
had a septate vagina with a urethra drain- 
ing into the lower end, normal uterus, fal- 
lopian tubes, and ovaries. The livers had 
virtually separate vasculature. Four nor- 
mally positioned kidneys with each twin 
draining one ureter into its own bladder 
and the other into her sister’s were present. 
Two separate gastrointestinal tracts from 
esophagus to low ileum with each ligament 
of Treitz in normal position were noted, 
and a short colon and the terminal ileum 
were shared. 

Radionuclide Venography—An Effective, 
Simple, Rapid Procedure. U. Yun Ryo, 
NLD., Lelio G. Colombetti, Ph.D., and 
Steven M. Pinsky, M.D., Michael Reese 
Hospital and Medical Center, Chicago, 
Illinois. 

A modified technique for radionuclide 
venography was developed to obtain simul- 
taneous images of the superficial and the 
deep veins of the leg. Visualization of the 
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superficial veins has proved very useful, not 
only for detection of abnormalities in that 
group of veins, but also for a better inter- 
pretation of the venographic observations 
of the deep veins. 

Also, a probable mechanism of positive 
venographic findings which indicated that 
delay in the clearance of radioactivity on a 
venogram represents a stasis due to in- 
competent venous flow or a turbulent flow 
at the area of thrombosis was studied. 

Double-Blind Comparison of Meglumine 
Todoxamate vs. Cholografin Meglumine. E. 
Nicholas Sargent, M.D., Alan H. Robbins, 
M.D., Miriam E. Vincent, M.D., William 
Boswell, M.D., Harvey I. Meyers, M.D., 
and Elizabeth A. Wickes, M.D., Los 
Angeles County/USC Medical Center, Los 
Angeles, California. 

Meglumine iodoxamate (Cholovue) is a 
new intravenous cholecystocholangiographic 
agent which in both preclinical and early 
clinical trials has demonstrated a high de- 
gree of effectiveness and safety. Data from 
a double-blind comparison of this new 
agent to Meglumine iodipamide (Cholo- 
grafin) were presented. Review of data 
from physiologic monitoring, as well as 
radiologic results, were shown. 

Efficacy and Tolerance Study of Adminis- 
tration of C-Terminal Octapeptide of Chole- 
cystokinin Following Oral Cholecystography. 
E. Nicholas Sargent, M.D., Andre Schul- 
man, M.D., and Harvey I. Meyers, MD, 
Los Angeles County /USC Medical Center, 
Los Angeles, California. 

The C-terminal octapeptide fragment 
(OP-CCK) which has been synthesized at 
the Squibb Institute for Medical Research 
reproduces all the known biologic activities 
of the intact molecule of cholecystokinin. 
(Cholecystokinin is a 33 amino acid poly- 
peptide.) Several potential clinical uses 
exist for OP-CCK. Particularly, it can be 
used to stimulate contraction of the gall- 
bladder following cholecystography, and it 
may also be used to stimulate pancreatic 
secretion of pancreatic enzymes. A review 
of physiologic monitoring, as well as radio- 
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graphic results, was demonstrated in a 
study of 40 patients. 

Bolus Urography During Renal Failure. 
Harry Sassoon, M.D., Roger D. Pinc, 
M.D., Bashir Mandani, M.D., George 
Dunea, M.D., and E. R. N. Grigg, M.D., 
Department of Radiology, Cook County 
Hospital, Chicago, Illinois. 

Forty patients in severe renal failure re- 
ceived fast injections (within five seconds) 
of 60 percent iothalamate at one cc per 
pound of body weight, proving both the 
feasibility and the ugefulness of this pro- 
cedure. 

The Enlarging Head—Angiographic Eval- 
uation of Megacephaly. Louis N. Scotti, 
M.D., Kenneth Maravilla, M.D., James 
W. Lecky, M.D., Donald R. Hardman, 
M.D., Khurshed Dastur, M.D., and Harold 
O. Barras, R. T., University of Pittsburgh, 
Pittsburgh, Pennsylvania. 

The presence of a large head in the new- 
born or young child is usually a sign of 
severe central nervous system disease. The 
most common underlying denominator in 
these children is hydrocephalus—a clinical 
sign reflecting a derangement in the normal 
cerebrospinal fluid dynamics. Some of the 
many causes for hydrocephalus can be 
elicited through angiography. Some entities 
which produce an enlarged head will not 
have associated hydrocephalus; even in 
these cases, angiography can provide valu- 
able information. 

The traditional approach to the evalua- 
tion of megacephaly in young children 1s 
ventriculography. The authors presented 
their experience utilizing transfemoral cere- 
bral angiography as the primary diagnostic 
special procedure in the evaluation of this 
group of patients. 

Patients ranged in age from newborn to 
adolescence. All of the studies were per- 
formed utilizing the Seldinger technique of 
transfemoral catheterization, small punc- 
ture needles (20-22 gauge), and small 
catheter material (.038” to .062” outside 
diameter). Films were taken with alternate 
biplane magnification technique. 
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Congenital, traumatic, infectious, neo- 
plastic, and vascular categories were pre- 
sented. 

Adverse Reactions to I ntravascularly Ad- 
ministered Contrast Media: A C omprehensive 
Study Based on a Prospective § urvey. Wil- 
liam H. Shehadi, M.D., Richard C. Pfister, 
M.D., and Martin W. Donner, M.D., 
Westchester County Medical Center, New 
York; Massachusetts General Hospital, 
Boston, Massachusetts; and Johns Hopkins 
University Medical School, Baltimore, 
Maryland. ° 

The material in this exhibit was drawn 
from 112,000 case reports obtained through 
a prospective survey. 

This exhibit detailed the incidence of ad- 
verse reactions, types and severity, relation 
to procedure, age and sex distribution. The 
history of allergy and types of allergens, 
reactions to previous contrast media ex- 
aminations, the role of pretesting, and the 
value of negative and positive results were 
presented. 

Relative Perfusion: Prognosticator of Isch- 
emic Ulcers. Michael E. Siegel, M.D., Buck 
A. Rhodes, Ph.D., C. Melville Williams, 
M.D., Frank Giargiana, M.D., and Henry 
N. Wagner, Jr., M.D., The Johns Hopkins 
Medical Institutions, Baltimore, Mary- 
land. 

Peripheral perfusion scans, utilizing in- 
tra-arterial injections of radioactive micro- 
spheres, were performed on 40 patients who 
had ischemic ulcers of the lower extremity. 
Point counting over the lesion and adjacent 
areas was utilized to quantitate the relative 
hyperemia of the lesion. When this relative 
hyperemia was at least 3-521, approxi- 
mately go percent of the patients went on 
to heal their ulcer. In those without this 
degree of hyperemia, only approximately 
IO percent eventually were able to heal 
their ulcer without surgical intervention, 
Assessment of relative hyperemia of the 
ulcer bed is a useful objective prognostic 
indicator of healing potential. 

The Routine Air-Contrast Examination of 


the Esophagus. J. Skucas, M.D., and W. W. 
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Schrank, M.D., University of Rochester 
School of Medicine and Dentistry, Roch- 
ester, New York. i 

A simple air-contrast technique for ex- 
amination of the esophagus was illustrated. 
It involves use of an effervescent drink just 
prior zo barium. There is no excessive dilu- 
tion of barium, and the examination is per- 
formed just prior to the air-contrast views 
of the stomach. This technique allows dem- 
onstretion of small tumors, ulcerations, or 
erosions in the esophagus. Distensibility of 
the esophagus is easily checked. 

Nuelear Medicine Facility. Ernest G. 
Smith, Jr., M.D., and Abreu and Robeson, 
Inc., Crawford W. Long Memorial Hospital 
of Emory University, Atlanta, Georgia. 

A floor plan and colored photographs of 
a new nuclear medicine facility were shown 
as examples for planning purposes. 

Cancer Control Program Centers for Ra- 
diological Physics. Marilyn Stovall, B.S., 
University of Texas System Cancer Center 
and M. D. Anderson Hospital, Houston, 
Texas. 

Activities of six Centers for Radiological 
Physies sponsored by the American Asso- 
ciation of Physicists in Medicine involving 
quality control in medical physics related 
to diagnostic and therapeutic radiology 
were identified. 

Control of Breast Cancer Through Mass 
Screening. Philip Strax, M.D., Guttman 
Institute, New York, New York. 

Mortality from breast cancer in Ameri- 
can women has not changed in 40 years, 
primarily because in the majority of in- 
stances the disease is not localized at the 
time of diagnosis. Persisting mortality re- 
ductions have been achieved in the Health 
Insurance Plan of Greater New York study 
because of earlier detection of the malig- 
nancy. The Guttman Institute demon- 
strates how a practical mass screening 
clinic using the tandem technique of palpa- 
tion, mammography and thermography in 
fixed-site and outreach programs can be 
organized to examine large numbers of 
women. 
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' Millirad Mammography for Mass Sereen- 
ing. Philip Strax, M.D., Guttman Institute, 
New York, New York. 

This exhibit presented various comina 
tions utilized in evaluating and achieving 
low dose mammography. 

Use of Tomography in Medical Evaluation 
of Renal Lithiasis. Michael A. Sullivan, 
` M.D., Robert Michael Smith, M.D., and 

Donald T. Erwin, M.D., Ochsner Clinic, 
New Orleans, Louisiana. 

Tomography has béen neglected in eval- 
uating renal stones. The addition of tomog- 
raphy without contrast agents to the kid- 
ney, ureter or bladder allows the accurate 
demonstration of the number and size of 
stones present. Newer advances in the 
treatment of renal stones make it impor- 
tant to determine the metabolic activity of 
the process, and tomography is quite help- 
ful in this. Tomograms can help determine 
whether the stones are changing in size or 
disappearing completely. 

Intraorbital Calcification and Ossification. 
James L. Sundheim, M.D., and Marc S; 
Lapayowker, M.D., Temple University 
Health Sciences Center, Philadelphia, Penn- 
sylvania. 

The presence of intraorbital calcification 
can be a source of confusion to the radiolo- 
gist and ophthalmologist. The exhibitors 

have attempted to characterize those most 
commonly seen and to discuss their signifi- 
cance. 

Although calcification is the usual mode 
of calctum deposition in degenerate eye 
tissue, bone formation will occur if there is 
an adequate blood supply. 

This exhibit showed examples of radio- 
logically evident calcification and ossifica- 
tion arising from within the orbit and gave 
special attention to anatomic and etiologic 
correlation. Areas covered were cataract, 
phthisis bulbi, retinoblastoma, retrolental 
fibroplasia, foreign bodies, and primary 
intraorbital extraocular tumors. 

“Pseudo” os. “True? Dislocation of the 
Cervical Spine in Children (A Helpful Dif- 
ferentiating Line). Leonard E. Swischuk, 
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M.D., University of Texas Medical Branch, 
Galveston, Texas. 

It is often most difficult to diagnose un- 
equivocally “pseudo dislocation” of the 
cervical spine in childhood. Step-off of the 
vertebral bodies may be so -pronounced 
that it seems that true dislocation should 
be present. A helpful line was presented to 
aid in the solution of this problem. For the 
author the line has: proved accurate, easy 
to apply and especially helpful in the 
emergency room setting. 

“Doughnut” Sign tn Brain Scanning. Y. 
Tarcan, M.D., W. Fajman, M.D., D. Berg, 
D.O., and Joseph A. Marc, M. D. , Emory 
University Affiliated Hospitals, Atlanta, 
Georgia. 

The presence of a ring-like lesion (“dough- 
nut” sign) on the radioisotope brain scan 
and/or cerebral angiogram was first de- 
sctibed as indicative for brain abscess. 
However, this was later shown to be er- 
roneous. Cavitating tumors, infarctions, 
subdural hematomas, parasitic cysts, and 
even bone (calvarial) lesions can produce 
this sign. 

The presence of the “doughnut” sign on 
one scan study does not insure its presence 
in another. Examples of this sign in differ- 
ent disease entities were illustrated. 

The Gastrointestinal Manifestations of 
Hepatorenal Polycystic Disease: A Radio- 
logic Study. Sidney Ulreich, M.D., Morton 
Burrell, M.D., and Robert M. Lowman, 
M.D., Yale University School of Medicine, 
New Haven, Connecticut. 

It ig not uncommon for genitourinary ab- 
normalities to mimic gastrointestinal dis- 
ease. The anatomic proximity of the kid-- 
neys to the intraperitoneal organs, together 
with reflex responses, are the basis for the 
gastrointestinal symptoms. Progressing de- 
terioration of renal function may-also pro- 
duce gastrointestinal symptomatology. The _ 
pressure effects, from renal cystic masses of 
polycystic disease, on contiguous abdomi- 
nal structures are readily demonstrated by 
gastrointestinal contrast studies. 

This exhibit emphasized the significance 
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of the displacement phenomena produced 
by hepatorenal cystic disease. 

Arteriographic Features of Renal Pa- 
renchymal Disease. Severiano Valenzuela, 
M.D., and Peggy Fritzsche, M.D., Loma 
Linda University, School of Medicine, 
Loma Linda, California. 

Extra and intrarenal arteriographic pat- 
terns are diagnostically helpful in differen- 
tiation of renal parenchymal disease. 

A detailed arteriographic analysis of 
chronic pyelonephritis, chronic glomerulo- 
nephritis, and arteriolar nephrosclerosis 
was made and compared to a normal mag- 
nified model. A summary of the illustrated 
discriminatory radiographic hallmarks was 
featured. 

The Fohns Hopkins Radiology Computer 
Reporting System. Paul S. Wheeler, M.D., 
and Donald W. Simborg, M.D., The Johns 
Hopkins Medical Institutions, Baltimore, 
Maryland. 

Radiologists at Johns Hopkins Hospital 
generate their own reports directly by 
computer. Reporting speed and flexibility 
approach that of dictation following an 
initial learning period of two weeks. Sup- 
port services include report delivery, stor- 
age and retrieval, statistics, and billing. A 
commercial stand-alone version of the sys- 
tem is being developed. 

Practical Application of Physics to Design 
of General Purpose Angiographic Room. 
Alan Furness White, M.D., Georgetown 
University Hospital, Washington, D.C. 

Angiography requires more expertise in 
the application of the principles of physics 
than any other field in diagnostic radiology. 
The author demonstrated room design, 
equipment selection, equipment modifica- 
tion of special purposes such as abdominal 
compression, simplified tube rating charts 
and radiation protection, all in terms of 
basic physics. There is no room which 
combines all the optimum qualities, but 
certain compromises are much more dele- 
terious than others in terms of patient care, 
leading to poor quality radiographs and 
longer procedures. 
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Osteosarcoma: Value of Angiography in 
the Differential Diagnosis. Issa Yaghmai, 
M.D., Medical College of Virginia, Rich- 
mond, Virginia. 

Angiographic features of 62 cases of 
proven osteosarcoma were analyzed to de- 
termine the usefulness of this procedure in 
differentiation of osteosarcoma from other 
bone lesions. The following findings were 
noted : 


I. Osteosarcomas are the most vascular 
bone. malignancy, regardless of the 
appearance of plain radiographs. 

2. Hypervascularity may be mixed with 
areas of hypovascularity, the latter 
representing foci of necrosis, cartilage 
formation, or localized arterial occlu- 
son, 

3. The blood supply of the tumor is pre- 
dominantly derived from its periph- 
eral soft tissue vessels. 

4. In addition to typical neovascularity, 
there is often evidence for gapid 
shunting of blood and early venous 
fi_ling. 

5. Angiography can clearly demonstrate 
the extension of the tumor into the 
soft tissues, invasion of the adjacent 
veins, and collateral circulation sub- 
sequent to venous obstruction due to 
either direct involvement or by tumor 
emboli. 


These findings provide useful diagnostic 
criteria for differentiating osteosarcomas 
from other benign or malignant bone lesions 
which may simulate the pathologic appear- 
ance of the tumor. 

Ceretellopontine Angle Masses: Radio- 
logic-Pathological Correlation. Wen C. Yang, 
M.D., Smiljian Puljic, M.D., Norman E. 
Leeds, M.D., and Mannie M. Schechter, 
M.D., Albert Einstein College of Medicine, 
Bronx, New York. 

Review of 200 cerebellopontine angle 
masses, accumulated during the years of 
their neuroradiological practice, showed 
the following entities: (1) neurinoma; (2) 
meningioma; (3) cholesteatoma; (4) arach- 
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noid cyst; (5) chordoma; (6) chondroma; 
(7) glioma; (8) hemangioblastoma; (9) 
chemodectoma; (10) aneurysm; (11) re- 
dundant vertebro-basilar artery; (12) ar- 
teriovenous malformation; (13) hematoma; 
and (14) solitary metastasis. The purpose 
of this exhibit was to bring to attention the 
wide gamut of mass lesions in the cerebello- 
pontine angle by illustrating representative 
roentgenographic features with pathologi- 
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cal correlation. Films of different radiologic 
modalities including cerebral angiography, 
pneumoencephalography, positive contrast 
cisternography, and computer assisted to- 
mography were selected to best demon- 
strate each entity. 

Byron G. Brocpon, M.D. 

Chairman 

Scientific Exhibits Commtttee 
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TECHNICAL EXHIBITS 





The Technical Exhibits at the Seventy- 
sixth Annual Meeting of the American 
Roentgen Ray Society, were held at the 
Marriott Motor Hotel, Atlanta, Georgia, 
September 30—October 3, 1975. 

The Exhibits were well prepared, well 
explained, and well attended. The Hotel 
arrangements permitted easy access by 
visitors who passed through the Technical 
Exhibits on the way to and from the Scien- 
tific Exhibits. 

The Society wishes to express sincere 
thanks to the following firms which par- 
ticipated in this year’s Technical Exhibits: 

AGA Corporation, Secaucus, New Jer- 
sey; American Massage, Inc., Lighthouse 
Point, Florida; Ames Color-File Corpora- 
tion, Somerville, Massachusetts; Barnes- 
Hind Pharmaceuticals, Sunnyvale, Cali- 
fornia; Bar-Ray Products, Inc., Brooklyn, 
New York; Charles Bessler, Company, 
Florham Park, New Jersey; Burkhart 
Roentgen, New York, New York; CGR 
Medical Corporation, Baltimore, Mary- 
land; Churchill-Livingston, New York, 
New York; Cook Inc., Bloomington, Indi- 
ana; Cooper Scientific Corporation, Medi 
Tech Division, Watertown, Massachusetts; 
Data Service Agency, Maryland Heights, 
Missouri; Du Pont, Wilmington, Dela- 
ware; Eagle Enterprises, Woodbridge, New 
Jersey; Eastman Kodak, Rochester, New 
York; Educational Reviews Inc., Leeds, 
Alabama; Eimac, Division of Varian, Salt 
Lake City, Utah; Electro-Catheter Corpo- 
ration, Rahway, New Jersey; Elema- 
Schonander Inc., Elk Grove, Illinois; En- 
cyclopaedia Britannica, Inc., Chicago, Illi- 
nois; Eureka (Litton), Chicago, Illinois; 
E-Z-Em, Westbury, New York; C. B. 
Fleet Company, Inc., Lynchburg, Virginia; 
GAF Corporation, New York, New York; 
General Electric Company, Milwaukee, 


Wisconsin; Grumman Health Systems, 
Woodbury, New York; Grune & Stratton, 
Inc., New York, New York; Hewlett- 
Packard, McMinnville, Oregon; Walter H. 
Hopkins, Atlanta, Georgia; Humanetics, 
Inc., Carrollton, Texas; Kilgore Interna- 
tional Inc., Coldwater, Michigan; Liebel- 
Flarsheim, Cincinnati, Ohio; Litton Medi- 
cal Systems, Atlanta, Georgia; Logetronics, 
Inc., Springfield, Virginia; Low X-Ray, 
Valhalla, New York; Machlett Laborato- 
ries, Inc., Stamford, Connecticut; Mal- 
lincxredt, Inc., Hazelwood, Missouri; Med- 
ical Data Association, New York, New 
York; Medrad Inc., Pittsburgh, Pennsyl- 
vania; Medx Incorporated, Palantine, Illi- 
nois; C. V. Mosby Company, St. Louis, 
Missouri; Neutron Products, Inc., Dicker- 
son, Maryland; Ohio Nuclear, Solon, Ohio; 
Pako Corporation, Minneapolis, Minne- 
sota; Pearl of the Week, Lexington, Ken- 
tucky; Pfizer, Inc., New York, New York; 
Philips Medical Systems, Inc., Shelton, 
Connecticut; Picker Corporation, Cleve- 
land, Ohio; W. B. Saunders Company, 
Philadelphia, Pennsylvania; Frank Scholz 
X-Ray Corporation, Needham Heights, 
Massacausetts; Siemens Corporation, Iselin, 
New Jersey; Spectrum X-Ray Corporation, 
Westville, New York; Squibb Hospital Di- 
vision, Princeton, New Jersey; S & S X-Ray 
Products, Inc., Brooklyn, New York; 
Charles C Thomas, Publisher, Springfield, 
Illinois; Unirad Corporation, Denver, Colo- 
rado; Universal Medical Instrument Cor- 
poration, Ballston Spa, New York; Wil- 
liams & Wilkins Company, Baltimore, 
Maryland; Winthrop Laboratories, New 
York, New York; Xerox Corporation, 
Xeroraciography, Pasadena, California; 
Yearbook Medical Publishers, Chicago, 


Illinois. 
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GENERAL DIAGNOSTIC RADIOLOGY 


There will be a seminar in Diagnostic 
Radiology entitled “General Diagnostic 
Radiology Updated,” on March 5 and 6, 
1976 a. the Bowman Gray School of Medi- 
cine of Wake Forest University in Winston- 
Salem, North Carolina. 

The Guest Faculty will include Drs. 
John Caffey, Robert Cooley, Elias Theros, 
and Mr. A. F. Naylor, Radiology Con- 
sultant. 

For further information, please contact: 
I. Meschan, M.D., Department of Radiol- 
ogy, Bowman Gray School of Medicine of 
Wake Forest University, Winston-Salem, 
North Carolina 27103. 


SYMPOSIUM ON CURRENT CONCEPTS 
e IN GASTROINTESTINAL AND 
BILIARY RADIOLOGY 

The Department of Diagnostic Radiol- 
ogy of the University of Kentucky Medical 
Center in Lexington will present a Sym- 
posium on “Current Concepts in Gastro- 
intestinal and Biliary Radiology,’ April 
28-30, 1976. 

The program is designed for the prac- 
ticing radiologist, gastroenterologist and 
gastrointestinal surgeon. The format con- 
sists of brief lectures, panel discussions and 
case presentations. Ultrasound and com- 
puterized tomography techniques are cov- 
ered in the program. Prior to the meeting 
the registrants will receive by mail sets of 
x-rays of the cases to be discussed. The 
Guest Faculty consists of Drs. Robert 
Berk, Joseph Bookstein, George Leopold, 
Roscoe Miller, Thomas Meany, Jerome 
Wiot, and Bernard Wolf. 

The fee for the Symposium is $300.00. 

For further information, please con- 
tact: Frank Lemon, M.D., Office of Con- 
tinuing Education, College of Medicine, 
University of Kentucky, Lexington, Ken- 
tucky 40506. 


RADIOLOGY OF THE GENITOURINARY 
TRACT 

The Department of Radiology of Duke 
University Medical Center will present a 
course on “Radiology of the Genitourinary 
Tract,’ March 22-26, 1976, in Durham, 
North Carolina. 

The course is designed for radiologists but 
is open to other physicians whether in 
training or practice. The emphasis will be 
on personalized, tutorial type teaching of 
basic subjects on the genitourinary tract by 
recognized authorities using their original 
roentgenograms with ample opportunity 
for discussion. The subject matter will 
cover all facets of genitourinary tract dis- 
ease including comprehensive coverage of 
diagnostic techniques. A detailed abstract 
book with references will be provided. 

The registration fee is $300.00 and en- 
rollment will be limited to 100 registrants. 

For further information, please write to: 
Robert McLelland, M.D., Department of 
Radiology, Box 3808, Duke University 
Medical Center, Durham, North Carolina 


27710. 
CONGRESS ON NUCLEAR MEDICINE 


The First Congress on Nuclear Medicine, 
under the patronage of the European Nu- 
clear Medicine Society and sponsored by 
the Swiss Society of Radiology and Nuclear 
Medicine, will be held May 12-15, 1976, in 
Lausanne, Switzerland. 

Among the subjects to be considered are 
the diagnostic applications of the cyclotron, 
radioimmunoassays, whole body scans, 
kidney studies, kinetic models, thrombosis, 
and pulmonary dynamic studies. Simul- 
taneous translation into English, French, 
and German will be available. 

For further information, please write to: 
Dr. B. Delaloye, Division Autonome de 
Médecine Nucléaire, CHUV, to11 Lau- 
sanne, Switzerland. 
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NEW TECHNIQUES IN DIAGNOSTIC 
IMAGING II 

The Department of Radiology, Univer- 
sity of Pittsburgh, will hold its second in- 
ternational course on “New Techniques in 
Diagnostic Imaging,” April 8-10, 1976, at 
a ski resort, 70 minutes from Pittsburgh in 
the Laurel Mountains. 

The course is designed to highlight the 
collaborative effort between radiologists 
and physicists—engineers in the imaging 
area. Subjects include electronic radiologi- 
cal imaging, computer signal processing, 
television, CT scanning, image processing, 
and new developments in ultrasound. Spe- 
cial attention will be given to applications 
in GI fluoroscopy, neuroradiology and 
neurosurgery, angiography, cardiology, in- 
terventional techniques, and the design of 
new CT scanners with evaluation of those 
in current use. 

For further information, please write to: 
E. Ralph Heinz, M.D., Professor and 
Chairman, Department of Radiology, Uni- 
versity of Pittsburgh, Pittsburgh, Pennsyl- 
vania 15261. 


NEW YORK ROENTGEN SOCIETY 
SPRING CONFERENCE 

The New York Roentgen Society will 
present its Spring Conference, April 22-24, 
1976, in New York City. 

Subjects and refresher courses will in- 
clude the gastrointestinal tract, the skele- 
ton, neuroradiology, the genitourinary tract, 
chest, pediatric radiology, radiation ther- 
apy and ultrasound. The course is ap- 
proved for A.M.A. Category 1 Credits. 

For further information, please write to: 


Albert A. Dunn, M.D., Department of 
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Radiology, Roosevelt Hospital, 428 West 
sgth Street, New York, New York 10019. 


PEDIATRIC GENITOURINARY RADIOLOGY 


The Institute for Pediatric Radiology 
will offer a program for radiologists, pedia- 
tricians, urologists, obstetricians, and gyne- 
cologists. The meeting will be in New 
Orleans, Louisiana, on Saturday and Sun- 
day, March 6 and 7, 1976. 

The objectives include updating tech- 
niques, knowledge, and skills in pediatric 
genitourinary radiology; practical instruc- 
tion; and clinical applications. All presenta- 
tions will be made by Charles E. Shopfner, 
M.D. 

For further information, please write to: 
Wanda Patton, Executive Secretary, Insti- 
tute for Pediatric Radiology, 4148 North 
Cleveland Avenue, Kansas City, Missouri 


64117, 
INTEGRATED CANCER MANAGEMENT 


The Good Samaritan Hospital, Division 
of Oncology, and the Arizona Division of 
the American Cancer Society will co- 
sponsor a program covering integrated 
management of cancer, with exchange of 
ideas between radiation oncologists, medi- 
cal oncologists and surgeons. The meeting 
will be held in Phoenix, Arizona, February 
18-21, 1976. 

Registration will be limited to 350, and 
the fee is $175.00. 

For the detailed program and further in- 
formation, please write to: Robert H. 
Thoeny, M.D., Program Chairman, Di- 
vision of Oncology, Good Samaritan Hos- 
pital, 1033 East McDowell Road, Phoenix, 
Arizona 85006. 
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TRAITE DE RapropracNnostic. Tome XVII: 
Temporal, Fosses Nasales, Cavités Acces- 
soires. (Treatise on Diagnostic Radiology— 
the Temporal Bone, Nasal Fossae, and Para- 
nasal Sinuses.) By J. Vignaud, G. L. Dulac, 
J. Francois, Y. Guerrier, P. Rabischong, 
Ph. Tennenbaum, and G. Valvassori. Cloth. 
Pp. 454, with many figures. Price, 540 F. 
Masson & Cie, 120 Boulevard ‘Saint-Ger- 
main, Paris, France, 1974. 


This multiauthored book is number XVII, 
Volume 1, in a series of 20 books on diagnostic 
radiology. 

There are twenty-two chapters in two parts. 
Part 1, The Temporal Bone, includes chapters 
I-XVI. Part 2, The Nasal Fossae and Para- 
nasal Sinuses, includes chapters XVII-XXII. 

In the introduction, the authors review some 
of the historic background in the development 
and evolution of various phases and techniques 
of otology, culminating in microscopic copho- 
surgery (surgery of deafness), and the parallel 
development of “‘radio-otology.” The surgeon, 
with special instrumentation, performs micro- 
surgery and the radiologist uses magnification 
and multidirectional tomography to produce 
cuts of one millimeter thickness. 

In the several chapters of Part 1, the subjects 
discussed include the anatomy of the temporal 
bone, of the nerve elements and blood supply 
of the bony structure and organs of hearing, 
functional studies of the ear, anatomical varia- 
tions and various pathological conditions, 
trauma to the temporal bone, tumors of the 
temporal and the acoustic apparatus. 

The conclusion at the end of Chapter III, on 
trauma to the temporal bone, places in true 
perspective the comparative value as well as 
the limitations of the clinical and radiologic 
methods of examination. 

Part 2, chapters XVII-X XII, discusses the 
normal radiological anatomy, anatomical varia- 
tion and malformation, fractures, cerebro- 
spinal fluid rhinorrhea, foreign bodies, as well 
as the various pathological conditions including 
sinusitis and allergy. 

This is a hard cover book, handsomely 
bound, with good quality paper, good printing, 
and excellent workmanship. The book 1s pro- 


fusely illustrated. The illustrations are of un- 
usually fine quality. These consist of photo- 
graphs of anatomical specimens, line drawings, 
companion radiographs and micro-radiographs. 
Sections of anatomical specimens are made in 
multiple planes, some at 1/10 millimeter levels, 
bringing out exquisitely delicate and fine detail 
not hitherto obtained. 

Legends with detailed descriptions and ac- 
curate labeling accompany each illustration. 

The text flows freely and smoothly through- 
out, with none of the gaps or redundant over- 
laps of a multiauthored product. 

The usefulness of this book would have been 
greatly enhanced if the text, or the legends were 
multilingual, or at least bilingual. English sub- 
titles, often used in some European publica- 
tions, would have insured wider circulation and 
greater utilization. 

The unconventional location of the table of 
contents at the end of the book, following the 
index, is a bit distracting. Until it is found, the 
readers’ search seems fruitless and frustrating. 

This reviewer, whose teaching career started 
in the department of anatomy, before going into 
radiology, particularly appreciates the scholarly 
excellence and meticulous detail of this book. 
This work is an outstanding contribution. It 
may be too detailed and highly specialized for 
the general radiologist. 

It is recommended as a reference book in the 
library of the general radiologist, but it is a 
must in the library of the anatomist, otologist, 
and the radiologist specializing in this area. 

WiviraM H. Suenan, M.D. 


BOOKS RECEIVED 


Inpex ror RoENTGEN DriacGnoses. Third edition. 
Prepared under the auspices of The American 
College of Radiology, Commission on Diagnostic 
Radiology; Division on Computer Applications in 
Diagnostic Radiology; Committee on Diagnostic 
Coding Index and Thesaurus. Co-chairmen, E. 
Robert Heitzman, M.D., and Harold G. Jacobson, 
M.D. Paper. Pp. 157. The American College of 
Radiology, 20 North Wacker Drive, Chicago, Ill. 
60606, 1975. 

Hospirav Sratistics, 1975 Epirion. 1974 Data from 
the American Hospital Association Annual Sur- 
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vey. Paper. Pp. 205. American Hospital Associa- 
tion, 840 North Lake Shore Drive, Chicago, Ill. 
60611, 1975. 

MAMMOGRAPHY, THERMOGRAPHY AND ULTRASONOG- 
RAPHY IN Breast Disease. By Kenneth T. Evans, 
M. Bo ChB- DMRD: FRCP. EER, Pro- 
fessor of Diagnostic Radiology, Welsh National 
School of Medicine; Director, Department of 
Diagnostic Radiology, University Hospital of 
Wales; and I. Huw Gravelle, B.Sc., M.B., Ch.B., 
D.M.R.D., F.R.C.P., F.F.R., Consultant Radi- 


ologist, University Hospital of Wales; Clinical 
Teacher in Diagnostic Radiology, Welsh National 
School of Medicine. Paper. Pp. 148, with some 
figures. Butterworths, 2265 Midland Avenue, 
Scarborough, Ont., Canada M1P 4S1, 1975. 


FONCTION DE TRANSFERT DE CONTRASTE D'UN Ap- 


PAREILLAGE DE RapioLoGIE: Erupe ExPÉRI- 
MENTALE. By Docteur Pierre Girod. Paper. Pp. 
61, with some figures. Association Corporative des 
Etudiants en Médecine de Lyon, 8, avenue Rocke- 
feller, 69373 Lyon Cedex 2, France, 1975. 
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MEETINGS OF RADIOLOGICAL SOCIETIES* 


UNITED STATES OF AMERICA 


AMERICAN RoeEnTGEN Ray Society 
Secretary, Dr. James Franklin Martin, 300 S. Haw- 
thorne Rd., Winston-Salem, N. C. 27103. Annual Meet- 
ng iii Hilton, Washington, D. C., Sept. 20-24, 
1976. 

AMERICAN RADIUM SOCIETY 
Secretary, Richard H. Jesse, Dept. of Surgery, M. D. 
Anderson Hosp. and Tumor Institute, Houston, Tex. 
77025. Annual Meeting: Bayshore Inn, Vancouver, B. C., 
Canada, May 9-14, 1976. i 

RADIOLOGICAL SOCIETYOF NORTH AMERICA 
Secretary, Dr. Theodore A. Tristan, Harrisburg, Pennsyl- 
vania. Annual Meeting: McCormick Place on the Lake, 
Chicago, Ill., Nov. 30-Dec. 5, 1975. 

AMERICAN COLLEGE OF RADIOLOGY 
Executive Director, William C. Stronach, 20 N. Wacker 
Drive, Chicago, Ill. 60606. Annual meeting. 

SECTION ON RADIOLOGY, AMERICAN MEDICAL ASSOCIATION 
Secretary, Dr. Antolin Raventos, Davis, Calif. Annual 
Meeting. 

AMERICAN BoarD OF RADIOLOGY 
Secretary, Dr. C. Allen Good. Correspondence should be 
directed to Kahler East, Rochester, Minn. ssgo1. 
Oral examinations will be held: Statler Hilton, Dallas, 
Texas, Dec. 8-13, 1975; Marriott Motor Hotel, Chicago, 
Ill., Jane 14-19, 1976; Sheraton Biltmore, Atlanta, Ga., 
Dec. 6-11, 1976. 

Applications must be received in the Board Office 
before Sept. 30 of the year preceding the one in which the 
candidate wishes to be examined. 

Deadline for filing applications for any examination in 
1976 is September 30, 1975. 

AmerIcAN Boarp oF Nucrear Mepicine, Inc. A Conjoint 
Board of the American Boards of Internal Medicine, 
Pathology and Radiology and sponsored by the Society 
of Nuclear Medicine. 

Application forms and further information are avail- 
able from the American Board of Nuclear Medicine, 
305 E. 45th St., New York, N. Y. 10017. 

AMERICAN AsSOCIATION OF Puysicists IN MEDICINE 
Secretary, Dr. Robert G. Waggener, Dept. Radiol., Univ. 
Tex. Health Sciences Center, San Antonio, Tex. 78284 
Annal Meeting: 

AMERICAN SOCIETY OF THERAPEUTIC RADIOLOGISTS 
Secretary, Dr. Robert W. Edland, 1836 South Ave., La 
Crosse, Wis., 54601. Annual Meeting: 

AMERICAN NUCLEAR SOCIETY 
Program Chairman, Werner K. Kern, IRD, Space 
Nuclear Systems, F 309, U. S. Atomic Energy Commis- 
sion, Washington, D.C. 20545. 

AMERICAN INSTITUTE OF ULTRASOUND IN MEDICINE 
Secretary, John M. Reid, Ph.D., 556 18th Ave., Seattle, 
Wash. 98122. Annual Meeting. 

AMERICAN SOCIETY OF NEURORADIOLOGY 
Secretary, Dr. David O. Davis, Department of Radiology, 
g01 Twenty-third St., N.W., Washington, D. C. 20037. 
Annual Meeting. 

FOURTEENTH INTERNATIONAL CONGRESS OF RADIOLOGY 
Rio de Janeiro, Brazil, Oct. 23-29, 1977. 

President Elect: Prof. Dr. Nicola C. Caminha; Genera/ 
Secretary: Dr. Durval Couto. Av. Churchill, 97-50 and- 
LC-39 20,000 Rio de Janeiro, Brazil. 


INTERNATIONAL SOCIETY OF RADIOLOGY 
Hon. Secretary-Treasurer, Prof. W. A. Fuchs, M.D., De- 
partment of Diagnostic Radiology, University Hospital, 
Inselspital, CH-3010 Bern, Switzerland. 

TWELFTH INTER-AMERICAN ConGRESS OF RADIOLOGY 
President, Dr. Publio Vargas Pazzos, Casilla 5227, 
Guayaquil, Ecuador. Meeting in Quito, Ecuador, 1979. 

INTER-AMERICAN COLLEGE OF RADIOLOGY 
President, Manuel Viamonte, Jr., M.D., Mt. Sinai Medi- 
cal Center, 4300 Alton Rd., Miami Beach, Fla. 33140. 
Secretary, Gaston Morillo, M.D., Jackson Memorial 
Hosp., 1700 N.W. roth Ave., Miami, Fla. 33152. 
Counselor for the United States, J. A. del Regato, M.D., 
Univ. of So. Fla. College of Medicine, 13000 No. 30th St., 
Tampa, Fla. 33612. 

THIRD CONGRESS OF THE EUROPEAN 
RADIOLOGY 
Secretary-General, P.O. Box 14, 79 Lauriston Place, Edin- 
burgh BHI IDB, Scotland. 

SECOND ASIAN AND OcEANIAN ConGrEss OF RADIOLOGY 
Secretary, Dr. Buenaventura U. V. Angtuaco, Congress 
Secretariat Headquarters, 2161 Taft Ave., Manila, Philip- 
pines. Meeting: Manila, Philippines, Nov. 10-14, 1975. 

ALABAMA CHAPTER OF ACR 
Secretary-Treasurer, Dr. Lawrence E. Fetterman, 1720 
Springhill Ave., Suite 201, Mobile, Ala. 36604. Meets 
time and place of Alabama State Medical Association. 

Axaska RapioLocicaL Society, CHAPTER ACR 
Secretary-Treasurer, Dr. Maurice J. Coyle, 3200 Provi- 
dence Ave., Anchorage, Alaska 99504. 

AMERICAN OSTEOPATHIC COLLEGE OF RADIOLOGY 
Annual Scientific Meeting: Americana Hotel, Bar Harbor, 
Fla. Program Administrator: Lawrence J. Jordan, D.O., 
Suite 21, Ponce American Bldg., 4601 Ponce de Leon 
Blvd., Coral Gables, Fla. 33146. 

AMERICAN THERMOGRAPHIC SOCIETY 
Secretary-Treasurer, John Wallace, Ph.D., Dept. Radiol., 
Thomas Jefferson Univ. Hosp., Philadelphia, Pa. 19107. 
Annual Meeting. 

Arizona Rapio.ocicaL Society, CHAPTER OF ACR 
Secretary, Dr. Irwin M. Freundlich, 1sor N. Campbell 
Ave., Dept. Radiol., Tucson, 85724. Two regular meet- 
ings a year. Annual meeting at time and place of State 
Medical Association and interim meeting six months 
later. 

ArK-La-TEx RADIOLOGICAL SOCIETY 
Secretary, Dr. Erich K. Lang, Confederate Memorial 
Medical Center, LSU School of Medicine, Shreveport, 
La. 92108. 

ARKANSAS CHAPTER OF ACR 
Secretary-Treasurer, Dr. Richard Seibold, Jr., Wadley 
Hosp., Texarkana, Ark.—Tex. 75501. Meets twice annu- 
ally, the Spring Meeting being in conjunction with and 
at the place of the State Medical Association. 

ASSOCIATION OF University RADIOLOGISTS 
Secretary-Treasurer, Dr. Arch W. Templeton, Univ. of 
Kansas Med. Center, 39th and Rainbow Blvd., Kansas 
City, Kansas 66103. Annual Meeting. 

ATLANTA RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. James H. Larose, South Fulton 
Hosp., 1170 Cleveland Ave., East Point, Ga. 30344. 
Meets 4 times during the academic year at an Atlanta 
Restaurant. 


ASSOCIATION OF 


* Secretaries of societies are requested to send timely information promptly to the Editor. 
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BAVARIAN-AMERICAN RADIOLOGIC SocIETY 
Secretary, LTC, Marco J. DiBiase, M.D., Radiology 
Service, Heidelberg, 130 Station Hosp., APO N. Y. 09102. 
Meets quarterly. 

BLockLey RapIoLocicat Society 
Secretary-Treasurer, Dr William H. Green, 616 East 24th 
St., Chester, Pa. 19013. 

Biuecrass RaDIOLoGIcAL SOCIETY 
Secretary-Treasurer, Dr. Eugene Slusher, Lexington 
Clinic, 1221 S. Broadway, Lexington, Ky. 40:04. The 
Society meets once each month during the school year. 

Bronx Raproocicat Sociery, New York State, CHAP- 
TER ACR 
Secretary-Treasurer, Dr. Leon J. Corbin, 1369 Rosendale 
Ave., Bronx, N. Y. 10472. Meets 4 times a year. 

Brooktyn RADIOLOGICAL Society 
Secretary-Treasurer, Dr. Ralph Brancaccio, 7901 4th 
Ave., Brooklyn, N. Y. 11209. Meets first Thursday of 
each month, October through June. 

Burra.o RADIOLOGICAL SOCIETY 
Secretary, Dr. George J. Alker, Jr., E. J. Meyer Mem. 
Hosp., Buffalo, N. Y. 14215. Meets second Monday 
evening each month, October to May inclusive, at Uni- 
versity Club. 

CALIFORNIA RADIATION THERAPY ASSOCIATION 
Secretary-Treasurer, Dr. Duane J. Gillum, Stanford Medi- 
cal Center, Stanford, Calif. 94304. Meets semiannually in 
San Francisco and Los Angeles. 

CALIFORNIA RADIOLOGICAL Society, CALIFORNIA CHAPTER 
or ACR 
Secretary-Treasurer, Dr. John L. Gwinn, 4650 Sunset 
Blvd., Los Angeles, Calif. 90027. 

Cataws. VALLEY RADIOLOGICAL SOCIETY 
Secretary, Dr. Walter Joe Jacumin, P.O. Box 26 5, 
Rutherford College, N. C. 28671. Meets the last Thurs- 
day of every month, Holiday Inn, Morganton, N. C. at 
7:30 P.M. 

Centra New York RapioLoaicat Soctety 
Secretary-Treasurer, Dr. Alfred Brettner, Auburn Mem. 
Hosp., Auburn, N. Y. 13021. Meets first Monday each 
month October through May. 

CENTRAL On10 RapDIoLocIcaL Society 
Secretary-Treasurer, Dr. Daniel E. Lewis, 309 East State 
St., Columbus, Ohio 43215. Meets second Thursday in 
October, November, January, March, and May at Fort 
Hayes Hotel, Columbus, Ohio. 

CenTRAL Texas Rapio.ocy Society 
Secretary-Treasurer Dr. E. Jerome Schoolar, Scott and 
White Clinic, Temple, Tex. 76501. Meets the fourth 
Monday of each month at Ponderosa Hotel, Temple, 
Tex. at 7:00 P.M. 

Cuicaco RapioLocicat Society, Division oF THE 
Ittino1s Rapioocicat Society, CHAPTER oF ACR 
Secretary-Treasurer, Dr. Harold J. Lasky, 5s E. Wash- 
ington St., Suite 1735, Chicago, Ill. 60602. Meets third 
Thursday of each month, October to April, except De- 
cember, at the Bismark Hotel, Chicago, III. 

CLEVELAND RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Charles M. Greenwald, 7007 
Powers Blvd., X-Ray Dept., Parma, Ohio 44129. Meet- 
ings at 7:00 P.M. on hank Monday of October, Novem- 
ber, January, February, March and fifth Monday of April. 

Cotorapo RanioLocicaL Society, CHAPTER OF ACR 
Secretary, Dr. son Pettigrew, Denver, Colo. Meets 
third Friday of each month at Denver Athletic Club 
from September through May. 

Connecricut VALLEy Raprotocie Society 
Secretary, Dr. Gerald N. LaPierre, 759 Chestnut St; 
Springfield, Mass. o1107. Meets in April and October. 

Datras-Fort Wortu Rapiovocicat Society 
Secretary-Treasurer, Dr. Robert R. Burns, 1400 Stem- 
mons Ave., Dallas, Tex. 75208. Meets the 3rd Monday 
of every monthat 6:30 P.M., at the Airport Hotel, Arling- 
ton, Tex. 
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DeLAware CHAPTER oF ACR 
Seeretary, Dr. Ekkehard S. Schubert, Wilmington Med. 
Center, P. O. Box 1951, Wilmington, Del. 19899. 

East Bay RapIoLocicaL Society 
Secretary-Treasurer, Dr. Richard H. Culhane, 4 Vista del 
Mar, Orinda, Calif. 74563. Meets first Thursday each 
month. Oct. through May, at University Club, Oakland 
Calif. 

East TENNESSEE RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. George H. Wood, 205 Medical 
Arts Bldg., Knoxville, Tenn. 37902. Meets in January 
and September. 

FLoripa Rapiotocicat Society, CHAPTER oF ACR 
Secretary. Dr. Paul J. Popovich, 1350 S. Hickory St., 
Melbourne, Fla. 32901. Meets twice annually, in the 
spang with the Annual State Society Meeting and in 
the fall. 

FLoripa West Coast RapioLocicai Society 
Seeretary-Treasurer, Dr. Herbert Johnson, Davis Blvd., 
Tampz, Fla. 33606. Meets on 4th Thursday of the 
months January, March, May, October, and November. 

Georcia RapioLocica Society, CHAPTER or ACR 
Secretary, Dr. E. P. Rasmussen, Piedmont Prof. Bldg., 35 
Collier Rd., N.W., Atlanta, Ga. 30309. 

GreaTER CINCINNATI RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Owen L. Brown, 2421 A burn 
Ave., Cincinnati, Ohio 45219. 

GREATER Kansas Ciry RapIo.ocicaL Society 
President-Secretary, Dr. Jay I. Rozen, Suite 216, 6400 
Prospect, Kansas City, Mo. 64132. Meets 5 times a year. 

GREATER LouisvILLE RADIOLOGICAL SoclEry 
Secretary-Treasurer, Dr. L. D. LeNeave, 315 E. Broad- 
way, Louisville, Ky. 40202. Meets monthly. 

GREATER Miami RADIOLOGICAL SOCIETY 
Secretazy, Dr. David C. Hillman, P. O. Box 610544, North 
Miami. Fla. 33161. Meets monthly, third Wedn&day at 
8:00 P.M, at various member hospitals, Miami, Fla. 

GREATER Sr. Louis Society or RADIOLOGISTS 
Secreta-y-Treasurer, Dr. Donald Callahan, Northland 
Med. Bldg., Jenni:gs, Mo. 63136. 

Hawai Raprotoaicar Sociery, CHAPTER oF ACR 
Secretary-Treasurer, Dr. Michael J. McCabe, Straub 
Clinic and Hosp., Honolulu, Hawaii 96813. Meets third 
Monday of each month at 7:00 P.M. 

Heattu Puysics Society 
Secretary, Russell F. Cowing, P.O. Box 156, E. Wey- 
mouth. Mass. 02189. Annual Meeting. 

Houston RADIOLOGICAL SOCIETY 
Secretary, Dr. Neill B. Longley, 6436 Fannin, Suite 601, 
Housten, Tex. 77025. Meets fourth Monday of each 
month, except June, July, August and December, at 6:00 
P.M., at 103 Jesse H. Jones Library Building, Texas 
Medical Center, Houston, Tex. 77025. 

Ipano State Raprotocicat Society, CHAPTER or ACR 
Secreta-y-Treasurer, Dr. John H. Truksa, 1605 Park Ave., 
Nampz, Id. 83651. Meets in the spring and fall. 

Ittino1s Rapriovocica Society, Inc., CHAPTER oF ACR 
Secretary, Dr. Robert D. Dooley, Hinsdale Med. Cen- 
ter, Hinsdale, Ill. 60521. Meets in the spring and fall. 

InpIANA RoeEntTGEN Society, Inc., CHAPTER or ACR 
Secretary, Dr. John A. Knote, Home Hosp., Lafayette, 
Ind. 47392. 

Iowa RaoioLocicat Society, CHAPTER or ACR 
Secretary-Treasurer, Dr. Dale L. Roberson, 1948 First 
Ave., NE, Cedar Rapids, Iowa 52402. Luncheon and 
business meeting during annual session of Iowa State 
Medical Society. The scientific session is held in the 
autumn. 

Kansas RapioLocicaL Society, CHAPTER or ACR 
Secretary-Treasurer, Dr, Ralph H. Baehr, 310 Medical 
Arts Bidg., Topeka, Kan. 66604. Meets in spring with 
State Medical Society and in winter on call. 

Kentucky Cuaprer or ACR 
Secretary-Treasurer, Dr, Bernard Sams, St. Joseph In- 
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firmary, 735 Eastern Parkway, Louisvlle, Ky. 40217. 
Meets in April and September. 
Kincs County RADIOLOGICAL SOCIETY 
Secretary, Dr. Sidney Hen@ler, 1880 Ocean Ave., Brook- 
lyn 30, N. Y. Meets Kings County Med. Soc. Bldg. 
monthly on fourth Thursday, October to May, 8:45 P.M. 
KNOXVILLE RADIOLOGICAL SOCIETY 
Secretary, Dr. Clifford L. Walton, Blount Professional 
Bldg., Knoxville 20, Tenn. Meetings are held the third 
Monday of every other month at the University of 
Tennessee Memorial Research Center and Hospital. 
Lone IsLtanp RADIOLOGICAL SOCIETY 
Secretary, Dr. Harry L. Stein, North Shore Univ. Hosp., 
300 Community Dr., Manhasset, N. Y. 11030. 
Los ANGELES RADIOLOGICAL SOCIETY 
Secretary, Dr. Arthur F. Schanche, 333 North Prairie 
Ave., Inglewood, Calif. 90301. Meets second Wednesday 
of month in September, November, January, April and 
June at Los Angeles County Medical Association Build- 
ing, Los Angeles, Calif. Midwinter Radiological Con- 
ference. Century Plaza Hotel, Los Angeles, Calif. 


Louisiana RapIo.oaicaL Society, CHAPTER OF ACR 
Secretary-Treasurer, Dr. Roger H. Tutton, 1514 Jeffer- 
son Hwy., New Orleans, La. 70121. 

Lourstana-TExas Gutr Coast RapDIoLoGIicaL SOCIETY 
Secretary-Treasurer, Dr. J. Gardiner Bourque, 3155 Stagg 
Dr., Suite 230, Doctors Bldg., Beaumont, Texas 77701. 

Maine RapioLocicaL Sociery, CHAPTER OF ACR 
Secretary-Treasurer, Dr. Peter E. Giustra, Dept. Radiol- 
ogy, Penobscot Bay Medical Center, Rockland, Maine 
04841. Meets in June, September, December and April. 


Marytanp RapioLocicaL Society, CHAPTER OF ACR 
Secretary, Dr. David S. O'Brien, Anne Arundel Hosp., 
Annagolis, Md. 21401. 

MASSACHUSETTS RADIOLOGICAL SociETY, CHAPTER OF ACR 
Secretary, Di. Joseph T. Ferrucci, Jr., Massachusetts 
Gen. Hosp., Boston, Mass. 02114. 


MEMPHIS ROENTGEN SOCIETY 
Secretary-Treasurer, Dr. R. Randolph Ramey, Baptist 
Memorial Hosp., 899 Madison Ave., Memphis, Tenn. 
38146. Meets first Monday Oct. through June at the 
University Club. 

Miami VALLEY RADIOLOGICAL SOCIETY 
Secretary, Dr. Bert Must, 1.B.M. Bldg., Dayton, Ohio. 
Meets third Thursday of fall, winter and spring months 
at 7:30 P.M. at Miami Valley Hospital, Dayton, Ohio. 

Micuican Raptotocicat Society, CHAPTER oF ACR 
Secretary-Treasurer, Dr. Francis P. Shea, Harper Hos- 
pital, 3825 Brush St., Detroit, Mich. 48201. Meets 
monthly, first Thursday, October through May, at 
David Whitney House, 1010 Antietam, at 6:30 P.M. 

MICHIGAN SociETY OF THERAPEUTIC RADIOLOGISTS 
Secretary-Treasurer, Dr. William I. Knapp, St. Mary's 
Hosp., 830 S. Jefferson, Saginaw, Mich. 48601. Meets bi- 
monthly during the academic year. 


Mip-Hupson RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. William D. Stiehm, 37 Flower 
Hill Rd., Poughkeepsie, N. Y. 12603. Meets 7:00 P.M., 
first Wednesday of each month, September to May. 
MitwavukeEE RoenrGEN Ray Society 
Secretary-Treasurer, Dr. Thomas C. Lipscomb, 1004 
North Tenth St., Milwaukee, Wis. 53233. Meets monthly 
os ‘dada Monday, October through May, at University 
ub. 


Minnesora RapDIoLocicaL Society, CHAPTER OF ACR 
Secretary-Treasurer, Dr. Marvin E. Goldberg, Box 292, 
Mayo Memorial Health Sciences Center, Minneapolis, 
Minn. 55455. 

a Srare RAapioLoGIcaL Society, CHAPTER OF 
Secretary-Treasurer, Dr. Edward L. Gieger, 969 Lake- 
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land Dr., Jackson, Miss. 39216. Meets third Thursday, 
excluding summer months, at the Primos Northgate 
Rest., Jackson at 6:30 P.M. 

Missourt RapioLocicat Society, CHAPTER OF ACR 
Secretary-Treasurer, Dr. Ronald G. Evens, Mallinckrodt 
Institute of Radiology, s10 S. Kingshighway, St. Louis, 
Mo. 63110. 

Montana Rapiotocicat Society, CHAPTER oF ACR 
Secretary, Dr. C. H. Agnew, Room 102, Doctors Bldg., 
Billings, Mont. s9101. 

NEBRASKA CHAPTER OF ACR 
Secretary-Treasurer, Dr. Robert Bodmer, Suite 622 Doc- 
tors Bdg., Omaha, Neb. 68131. Meets the third Wednes- 
day of the month, Oct. through March, at the Clarkson 
Hosp., Omaha, Neb. and the fourth Friday of April at 
the Lincoln Country Club, Lincoln, Neb. 

Nevapa Rapto.ocicat Society, CHAPTER or ACR 
Secretary, Dr. Charles F. Veverka, Carson Tahoe Hosp., 
Carson City, Nev. 89701. © 

N.E. Society For RADIATION ONCOLOGY 
Secretary, Dr. C. C. Wang, Mass. Gen. Hosp., Boston, 
Mass. 02114. 

New Encianp Roentcen Ray SOCIETY 
Secretary, Dr. Melvin E. Clouse, 185 Pilgrim Rd., 
Boston, Mass. 02115. Meets the third Friday of Oct. and 
Nov., and third Thurs. of each month. Jan. through May, 
excluding December, at The Longwood Towers, 20 
Chapel Street, Brookline, Mass. at 3:00 P.M. Annual 
Meeting: May 20, 1976. 

res Roentcen Ray Society, CHAPTER OF 
A 
Secretary-Treasurer, Dr. Edward P. Kane, Claremont 
Gen. Hosp., Claremont, N. H. 03743. Meets four to six 
times yearly. 

New Mexico Society or Rapiotocists, CHAPTER oF ACR 
Secretary, Dr. W. M. Jordan, 1100 Central Ave. S.E., 
Albuquerque, N. M. 87106. Four meetings annually, 
three held in Albuquerque, N. M., and one held at time 
and place of New Mexico State Medical Society annual 
meeting. 

New ORLEANS RADIOLOGICAL Society, Inc. 
Secretary-Treasurer, Dr. Jimmy L. Mains, P.O. Box 446, 
Gretna, La. 70053. Meets bimonthly at local restaurants 
selected by the President. Spring Conference. 

New York ROENTGEN SOCIETY 
Secretary-Treasurer, Dr. Thomas C. Beneventano, II! 
East 210th St., Bronx, N. Y. 10467. Meets monthly on 
the 3rd Monday at the New York Academy of Medicine 
at 4:30 P.M. Annual Spring Conference, Waldorf-Astoria 
Hotei, New York, N. Y., April 22-24, 1976. A.M.A. Cat. 
I credit. Further information may be obtained from Dr. 
Albert A. Dunn, Roosevelt Hosp., New York, N. $: 
10019. 

New York State Cuapter oF ACR 
Secretary-Treasurer, Dr. Albert F. Keegan, 6 Secor Dr., 
Port Wash., N. Y. 11050. 


NORTH AMERICAN Society oF Carpiac RADIOLOGY 
Secretary-Treasurer, Dr. Erik Carlson, Univ. Calif., 
San Francisco, Calif. 94143. 


Norty Carouina Cuapter oF ACR 
Secretary-Treasurer, Dr. Ernest B. Spangler, Wesley Long 
Hosp., Greensboro, N. C. 27402. Meets twice a year. The 
Spring Meeting is held at the time of the meeting of the 
North Carolina Medical Society. The Fall Meeting is held 
in COUENT at the Mid Pines Club, Southern Pines, 
N.C. 

Nort Dakota RapioLocicaL Sociery, CHapTER oF ACR 
Secretary, Dr. Marshall Landa, P. O. Box 6o01, Fargo, 
N. D. 58102. Meets at time of State Medical Association 
meeting. Other meetings arranged on call of the President. 


Norru FiLoripA RADIOLOGICAL SOCIETY 
Secretary, Dr. David F. Bew, University Hospital of 
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Jacksonville, 655 W. Eighth Street, P.O. Box 2751, 
Jacksonville, Fla. 32203. Meets quarterly in March, 
June, September and December. 

NORTHEASTERN OKLAHOMA RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Theodore J. Brickner, Jr., 5919 
S. Gary Place, Tulsa, Okla. 74110. 

NORTHEASTERN New York RADIOLOGICAL SOCIETY 
Secretary, Dr. Donald R. Morton, Dept. of Radiology, 
St. Clare’s Hosp., Schenectady, N. Y. 12304. Meets in 
Albany area on third Wednesday of October, November, 
March, April, and May. 

NORTHERN CALIFORNIA RADIATION THERAPY ASSOCIATION 
Secretary-Treasurer, Dr. John D. Earle, Stanford Medical 
Center, Stanford, Calif. 94304. Meets quarterly. 

NorTHERN CALIFORNIA RADIOLOGICAL SOCIETY 
Secretary, Dr. Patrick J. Grinsell, 1207 Fairchild Ct., 
Woodland, Calif. 95695. Meets on the fourth Monday, 
rate through May at the Mansion Inn, Sacramento, 

alif. a 

NORTHWESTERN New York RADIOLOGICAL SOCIETY 
Secretary, Dr. Barbara E. Chick, Glens Falls Hospital, 
Glens Falls, N. Y. 12801. 

NORTHWESTERN OHIO RADIOLOGICAL SOCIETY 
Secretary, Dr. Richard W. Siders, 421 Michigan, Toledo, 
ie 43624. Meets 3rd Wednesday from September to 

ay. 

Ou1o Strate RapioLocicaL Society, CHAPTER oF ACR 
Secretary, Dr. James Farmer, Cleveland, Ohio. 

— i Srare RADIOLOGICAL Society, CHAPTER OF 
A 
Secretary, Dr. George H. Ladd, 4616 Denison, Muskogee, 
Okla. 74401. Meets in January, May and October. 

OranceE County RADIOLOGICAL Society 
Secretary, Dr. William E. Danko, 2601 E. Chapman, 
Orange, Calif. 92667. Meets on fourth Tuesday of the 
month, excluding June, July, August, and December, at 
i County Medical Association Bldg., Orange, 

alif. 

Orecon Stare RapioLocicaL Society, CHAPTER oF ACR 
Secretary-Treasurer, Dr. Ray F. Friedman, 3324 S. W. 
44th St., Portland, Ore. 97221. Meets on second Wednes- 
day of month, October through April, at the University 
Club, Portland, Ore. 

OrLEANS ParisH RADIOLOGICAL SOCIETY 
Secretary, Dr. Joseph V. Schlosser, Charity Hospital, 
New Orleans, La. 70113. Meets second Tuesday of each 
month. 

Paciric NortHwest RADIOLOGICAL SOCIETY 
Secretary -Treasurer, Dr. Kenneth D. Moores, 1118 gth 
Ave., Seattle, Wash. 98101. Annual Meeting: Benson 
Hotel, Portland, Ore., May 7-9, 1976. 

PENNSYLVANIA RapIoLocicaL Society, CHaprer or ACR 
Secretary, Dr. Joseph A, Marasco, Jr., St. Francis General 
Hosp., Pittsburgh, Pa. 19141. 

PHILADELPHIA ROENTGEN Ray Society 
Secretary, Dr. Marvin E. Haskin, 230 N. Broad St., 
Philadelphia, Pa. 19102. Meets first Thursday of each 
month at 5 P.M., from October to May in Thompson Hall, 
College of Physicians. 

PITTSBURGH ROENTGEN SOCIETY 
Secretary, Dr. Klaus M. Bron, Presbyterian-Univ. Hosp., 
Pittsburgh 15213. Meets second Wednesday of month, 
September through May, at the Pittsburgh Athletic As- 
sociation. 

RADIATION RESEARCH SOCIETY 
Executive Secretary, Richard J. Burk, Jr., 4211 39th St., 
N.W., Washington, D. C. 20016. Annual Meeting. 

RapioLoGIcCAaAL Society or Connecticut, Inc., CHAPTER 
or ACR 
Secretary, Dr. Gerald L. Baker, 85 Jefferson St., Hartford, 
Conn. 06106. Meets in Oct., Jan., March, and June. 

RADIOLOGICAL SOCIETY OF GREATER CINCINNATI 
Secretary-Treasurer, Dr. Alvin Nathan, c/o Academy of 
Medicine, 320 Broadway, Cincinnati, Ohio 45202. Meets 
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first Monday of each month at Cincinnati Academy of 
Medic ne. 

RapDIoLocicaL Society or New Jersey, CHAPTER oF ACR 
Secretcry, Dr. Fred M. Palate, 11 Dale Dr., Morristown, 
N.J. 07960. Monthly meetings in East Orange and 
Trenton, N.J. Semi-Annual Meeting in Nov. 

RADIOLOGICAL SOCIETY OF RHODE IsLAND, CHAPTER OF ACR 
Secretcry-Treasurer, Dr. Daniel J. Alves, Rhode Island 
Hosp.. Providence, R. I. 02902. 

RADIOLOGICAL SOCIETY OF SOUTHERN CALIFORNIA 
Secretery-Treasurer, Dr. A. Franklin Turner, LAC-USC 
Medical Center, Room 3418, 1200 North State St., Los 
Angeles, Calif. g0033. Meets three times a year, usually 
October, February and May. 

RADIOLCGICAL SOCIETY OF THE STATE OF NEw YORK 
Secretery-Treasurer, Dr. John W. Colgan, 273 Hollywood 
Ave., Rochester, N. Y. 14618. 

Repwoop Empire RADIOLOGICAL SOCIETY 
Secretery, Dr. Charles E. Carter, 121 Sotoyome St., 
Santa Rosa, Calif. 95405. Meets second Monday every 
other nonth. 

RiceMogD County RADIOLOGICAL SOCIETY 
Secretery, Dr. Frederick S. Vines, 11830 Rothbury Dr., 
Richrrond, Va. 23235. Meets third Thursday of each 
month at the Aberdeen Barn, 

RocHesER RoentGen Ray Society, Rocuester, N. Y. 
Secretary-Treasurer, Dr. Robert J. Brunzau, Rochester 
General Hosp., Rochester, N. Y. 14621. Quarterly meet- 
ings on the call of the President, at the Rochester 
Academy of Medicine. 

Rocxy Mountain RADIOLOGICAL SOCIETY 
Secretery-Treasurer, Dr. Lorenz R. Wurtzebach, 4200 E. 
Ninth Ave., Denver, Colo. 80220. Annual Meeting: 
Browr. Palace Hotel, Denver, Colo., Aug. 19-21, 1976. 

San Anvonio-Civitian Miirary RADIOLOGICAL SOCIETY 
Secretary, Dr. James R. Stewart, Oak Hills Medical Ctr., 
San Antonio, Tex. 78209. Meets third Wednesday of 
each month at Fort Sam Houston Officers Club at 
6230 P.M. 

San Disco RADIOLOGICAL Society 
Presiaent, Dr. Donald J. Fleischli, 7849 Fay Ave., La 
Jolla, Calif. 92037. Meets the first Wednesday of each 
month Sept. through June at the University Club. 

San Francisco RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Robert L. Koch, 3838 Cali- 
fornia St., Suite 106, San Francisco, Calif. 94118. 

Section on RADIOLOGY, CALIFORNIA MEDICAL AsSsOCcIATION 
Secretary, Dr. William H. Graham, 630 East Santa Clara 
St., San Jose, Calif. 

Section on Raprotocy, Mepicat Society oF THE Dis- 
TRICT OF COLUMBIA 
Secretary-Treasurer, Dr. Albert M. Zelna, 21 Masters St., 
Potomac, Md. 20854. Meets at Medical Society Library, 
third Wednesday of January, March, May and October 
at 8:cO P.M. 

Section oF Raprotocy, NATIONAL MEDICAL ASSOCIATION 
Secretary, Dr. Ruby Brooks, Dept. Radiol., Veterans 
Adm. Hosp., P.O. Box 511, Tuskogee, Ala. 36083. Annual 
Meeting. 

SECTION ON RADIOLOGY, SOUTHERN MEDICAL AssociATION 
Secretary, Dr. Mario A. Calonje, 1514 Jefferson Highway, 
New Orleans, La. 70121. Annual Meeting. 

Section on Rapio.tocy, Texas MEDICAL ASSOCIATION 
Secretary, Dr. George F. Crawford, St. Elizabeth Hospi- 
tal, Eeaumont, Tex. Meets annually with the Texas 
Medical Association. 

SHREVEP?ORT RaDIOLoGICcAL CLUB 
Secretary, Dr. W. R. Harwell, 608 Travis St., Shreveport, 
La. Meets monthly on third Wednesday at 7:30 P.M., 
September to May inclusive. 

Society For Pepiatric RADIOLOGY 
Secretary-Treasurer, Dr. John P. Dorst, 601 N. Broad- 
way, Baltimore, Md. 21205. Annual meeting: Marriott 
Hotel. Atlanta, Ga., Sept. 28-29, 1975. 
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SOCIETY OF GASTRO-INTESTINAL RADIOLOGISTS 
Secretary- Treasurer, Dr. John R. Amberg, University 
Hospital, 22; W. Dickinson St., San Diego, Calif. 92103. 

Sociery oF NucLEAR MEDI®INE 
Secretary, Dr. E. James Potchen, Edward Mallinckrodt 
Institute of Radiology, 660 S. Euclid Ave., St. Louis, 
Mo. 63110. Administrative Officer, Mrs. Margaret Glos, 
211 E.43rd St., New York, N. Y. 10017. Annual Meeting. 

SoutH Bay RADIOLOGICAL SOCIETY 
Secretary, Dr. Robert Mindalzun, Valley Radiologists, 
Inc., 100 O’Connor Dr., San Jose, Calif. 95128. Meets 
the 2nd Monday of each month at the Santa Clara 
County Medical Society Bldg., 700 Empey Way, San 
Jose, Calif. 

SoutH Carona RapDIo.ocicaL Society, CHAPTER OF ACR 
Secretary, Dr. George W. Brunson, 1406 Gregg St 
Columbia, S. C. Annual meeting (primarily business) 
in conjunction with the South Carolina Medical Associa- 
tion meeting in May. Annual fall scientific meeting at 
time and place designated by the president. 

South Coast RapioLocicaL Society CHAPTER OF ACR 
Secretary-Treasurer, Dr. Richard T. Love, Santa Bar- 
bara Med. Clin., 215 Pesetas Lane, Santa Barbara, 
Calif. 93110. Meets fourth Tuesday of alternate months, 
Sept., Nov., Jan., March and May. 

SoutH Daxora RapioLocicat Society, CHAPTER OF ACR 
Secretary, Dr. M. F. Petereit, 2416 S. Phillips, Sioux 
Falls, S. D. 57105. Meets in spring with State Medical 
Society and in fall. 

SOUTHERN CALIFORNIA RADIATION THERAPY ASSOCIATION 
Secretary-Treasurer, Dr. Duane J. Gillum, 250 W. Pueblo 
St., Santa Barbara, Calif. 93105. Meets quarterly. 

SOUTHERN RADIOLOGICAL CONFERENCE 
Secretary-Treasurer, Dr. J. W. Maxwell, P.O. Box 2144 
Mobfe Ala. 36601. Annual Meeting: Grand Hotel, Point 
Clear, Ala., Jan. 30-Feb. 1, 1976. 

TENNESSEE RADIOLOGICAL SociETY, CHAPTER OF ACR 
Secretary-Treasurer, Dr. Jerry W. Grise, Methodist 
Hosp., 1265 Union Ave., Memphis, Tenn. 38104. Meets 
annually at the time and place of the Tennessee State 
Medical Association meeting. 

Texas State Rapio.ocicat Society, CHaprer or ACR 
Secretary, Dr. Francis E. O’Neill, 1128 Nix Prof. Bdg., 
San Antonio, Tex. 78205. 

THE FLEISCHNER SOCIETY 
Secretary, Dr. E. Robert Heitzman, State University of 
New York Upstate Medical Center, Syracuse, N. Y 
13210. Annual Meeting: 

Tri-STATE RADIOLOGICAL SOCIETY 
Secretary, Dr. Thomas Harmon, St. Mary’s Hosp., Evans- 
ville, Ind. 47750. Meets bimonthly on the third Wednes- 
day at area Hospitals. 

Upper PENINSULA RADIOLOGICAL SOCIETY 
dir Dr. A. Gonty, Menominee, Mich. Meets quar- 
terly. 

Uran Stare RapioLocIicaL Society, CHAPTER oF ACR 
Secretary-Treasurer, Dr. Patrick D. Lester, Dept. Radiol., 
University of Utah Medical Center, Salt Lake City, 
Utah 84112. Meets quarterly at Holy Cross Hospital. 

Vermont RapioLocIcaL SocierYy, CHAPTER OF ACR 
Secretary, Dr. J. Lorimer Holm, R.R. #3, Barre, Vt. 05641. 

VIRGINIA CHAPTER OF ACR 
Secretary-Treasurer, Dr. Charles P. Winkler, 3500 Ken- 
sington Ave., Suite 2-A, Richmond, Va. 23221. 

Wasuincton, D. C., CuaprTeErR or ACR 
Secretary-Treasurer, Dr. Robert M. Allen, 9312 Convento 
Terr., Fairfax, Va. 22030. 

er iii Srare RapioLoGIcaL SocIETY, CHAPTER OF 
A 
Secretary-Treasurer, Dr. Donald J. Hesch, 3216 N.E. 
45th Place, Seattle, Wash. 98105. 

West VirGIniA RADIOLOGICAL Society, CHAPTER OF ACR 
Secretary-Treasurer, Dr. Andrew W. Goodwin, II, 200 
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Med. Arts Bldg., Charleston, W. Va. 25301. Meets con- 
currently with annual meeting of West Virginia State 
Medical Society, other meetings arranged by program 
committee. 

WESTCHESTER County RADIOLOGICAL SOCIETY 
Secretary, Dr. Leonard Cutler, 16 Guion Place, New 
Rochelle, N. Y. 10802. Meets on second Tuesday of 
October, December, February and May. 

Wisconsin RapioLoGIcAaL Society, CHAPTER OF ACR 
Secretary-Treasurer, Dr. June Unger, Wood VA Hosp., 
Wood, Wis. 53193. Meets twice a year, May and Sep- 
tember. 

WiIsconsIN SOCIETY OF THERAPEUTIC RADIOLOGISTS 
Secretary, Dr. Alvin Greenberg, Radiother. Ctr., Univ. 
Hospitals, Madison, Wis. 53706. Meets quarterly. 

Wyominc Rapio.ocicat Society, CHAPTER oF ACR 
Secretary, Dr. Ross J. Collie, Box 96, Lander, Wyo. 82520. 
Meets in fall with State Medical Society and in spring 
on call of President. 


Mexico, Puerto Rico AND CENTRAL AMERICA 


ASOCIACIÓN COSTARRICENSE DE RADIOLOGÍA 
Secretary, Dr. Rafael Umaña-Umaña, Apartado 8-5340, 
San José, Costa Rica. 

AsociacON DE RADIÓLOGOS DE CENTRO AMERICA Y 
Panamá. Comprising: Guatemala, El Salvador, Hon- 
duras, Nicaragua, Costa Rica and Panamá 
Secretary-General, Dr. Francisco Miranbell Solis, Apar- 
tado 3352, San José, Costa Rica, Central America. Meets 
annually in a rotating manner in the six countries. 

SOCIEDAD DE RADIOLOGÍA DE SALVADOR 
Secretary, Dr. Carlos Meijia, 5a Av. Nte. No. 434, San 
Salvador, Rep. El Salvador. 

SocIEDAD DE RADIOLOGÍA DE GUATEMALA 
Secretary, Dr. Carlos E. Escobar, 9?, Calle A o-05, Zona 1, 
Guatemala 

Sociepap Mexicana DE RapioLoGia, A.C. 

Coahuila No. 35, México 7, D.F., México. 
Secretary-General, Dr. Jorge Cano Coqui. Meets first 
Monday of each month. 

SociEDAD RapioLóGICA PANAMEÑA 
Secretary, Dr. L. Arrieta Sánchez, Apartado No. 6323, 
Panamá, R. de P. Meets monthly in a department of 
radiology of a local hospital chosen at preceding meeting. 

SocteEDAD RapioLécica DE Puerto Rico 
Secretary, Dr. César Rosa, Box 9387, Santurce, Puerto 
Rico 00908. Meets second Thursday of each month at 
8:00 P.M. at the Puerto Rico Medical Association Bldg. 
in San Juan. 


BririsH COMMONWEALTH OF NATIONS 


AssociATION OF RADIOLOGISTS OF THE PROVINCE OF 
QuEBEC 
121 Boul. Taschereau, Greenfield Park, P. Q., Canada. 
Meets four times a year. 

BRITISH INSTITUTE OF RADIOLOGY 
Honorary Secretaries, D. H. Traspnell, M. Cohen, 32 
Welbeck St., London, W1M/7PG, England. 

CANADIAN AssociaATION OF Puysicists, Division or MED- 
ICAL AND BIoLoGIcaAL Puysics 
Honorary Secretary-Treasurer, Dr. R. G. Baker, Ontario 
Cancer Foundation, Ottawa Civic Clinic, 1053 Carling 
Ave., Ottawa 3, Ont., Canada. 

CANADIAN ASSOCIATION OF RADIOLOGISTS 
Honorary Secretary, Dr. Ross O. Hill, Suite 806, 1440 St. 
Catherine St. West, Montreal 107, Que., Canada. 
Annual Meeting: 

EpMontTON AND District RADIOLOGICAL SOCIETY 
Secretary, Dr. L. A. Koller, Suite 360, Professional Bldg., 
10830 Jasper Ave., Edmonton 15, Alberta, Canada. 
Meets third Thursday of each month October to May, 
except December, at various Edmonton Hospitals. 
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Facu.ty or Raprozocists 
Honorary Secretary, P. D. Thomson, 28 Portland Pl., 
London, WIN 4DE. 

Montreat Rapiotocicat Srupy CLuB 
Secretary, Dr. W. Paul Butt, Montreal General Hospital, 
Montreal, Que., Canada. Meets first Tuesday evening, 
October to April. 

Section oF Rapio.ocy or THE Royat Sociery or MEDI. 
CINE (CONFINED TO MEDICAL MEMBERS) 

Meets third Friday each month at 8:15 P.M. at the Royal 
Society of Medicine, 1 Wimpole St., London, W. 1 
MB8AE, 1 England. 

SociETE CANADIENNE-FRANCAISE DE RADIOLOGIE 
Secretary-General, Dr. Hubert Sasseville, Verdun Hospi- 
tal, Montréal, P. Q., Canada. Meets every third Tuesday 
from October to April. 

Tue Hospirat Puysicists’ Association 
Honorary Secretary, J. B. Massey, B.Sc., Christie Hosp. 
and Holt Radium Institute, Physics Department, Wi- 
thington, Manchester M20 9BX, England. 

Toronto Rapio.ocica Society 
Secretary, Dr. George Wo-tzman, Toronto General Hosp., 
Toronto 12, Ont., Canada. Meets second Monday of 
each month, September through May. 

Tue Roya Austratastan Co.iece or Rapio.ocists 
Honorary Secretary, Dr. T. P. Loneragan, 45 Macquarie 
St., Sydney, N.S.W. 2000, Australia. 


SOUTH AMERICA 


CoLecio BRASILEIRO DE RADIOLOGIA 
Secretary-General, Dr. José Marcos Pires de Oliveira, 
Caixa Postal 5984, Sao Paulo, Brazil. 

FEDERACIÓN ARGENTINA DE SOCIEDADES DE RADIOLOGÍA 
Branches of the Federation are: Sociedad de Radiólogos 
de la Provincia de Córdoba; Sociedad Argentina de Ra- 
diologia; Asociación Argentina de Radiologia; Sociedad 
de Radiologia, Radioterapéutica y Medicina Nuclear de 
Rosario; Sociedad de Radiologia y Medicina Nuclear del 
Centro y Sudeste de la Provincia de Buenos Aires (Mar 
del Plata); Sociedad Saltefia de Radiologia y Medicina 
Nuclear; Sociedad de Radiologia de Tucuman; Sociedad 
de Radiologia del Nordeste Argentino; Sociedad ce Ra- 
la de La Plata; and Sociedad de Radiologia de San 

uan. 
Secretary-General-Treasurer, Dr. Roberto Habichayn, Av. 
Colón 637, Córdoba, Argentina. 
Congress will be organized by Sociedad de Radiología, 
Radioterapéutica y Medicina Nuclear de Rosario in 1975. 

SOCIEDAD ARGENTINA DE RADIOLOGÍA 
Secretary-General, Dr. Alba de la Torre, Santa Fé tiai, 
Buenos Aires, Argentina. Meets first Wednesday evening, 
April through December. 

SocieDAD BotiviaNa DE RADIOLOGiA 
Secretary, Dr. Javier Prada Méndez, Casilla 1182, La 
Paz, Bolivia. Meets monthly. General assembly once 
every two years. 

SOCIEDADE BRASILEIRA DE RADIOLOGIA 
Secretary, Dr. Armando Rocha Amoédo, Caixa Postal 
1532, Rio de Janeiro, Brazil. General Assembly meets 
every two years in December. 

SOCIEDADE BRASILEIRA DE RADIOTERAPIA 
Luiz Antonio, 644, São Paulo, Brazil. Meets monthly on 
second Wednesday at 9:00 p.m. in São Paulo at Av. 
Brigadeiro Luiz Antonio, 644. 

SociEDAD CHILENA DE RADIOLOGÍA 
Secretary, Dr. Manuel Neira, Casilla 13426, Santiago, 
Chile. Meets first Friday of each month at Av. Santa 
Maria 1810 at 7:00 P.M. 

SociEDAD CoLomBIANA DE RapIoLocfa 
Secretary-General, Dr. Gustavo Sanchez Sanchez, Bogotá, 
Colombia. Meets last Thursday of each month. 

SociEDAD EcuaroriAna DE RapIOLocia 
Secretary, Dr. Luis Blum, Casilla 3712, Guayaquil, Ecua- 
dor. 
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SocieDAD Paraguaya DE RaADIOLOGiA 
Secretary, Dr. Hugo Volpe Rios, 15 de Agosto 322, 
Asunción, Paraguay. 

Sociepat Peruana DE Rapi@iocia 
Secretary-General, Dra. Ladis Delpino, Av. General 
Santa Cruz No. 315, Miraflores, Lima, Perú, Casilla 
Correo, 2306, Lima, Perú. Meets monthly except during 
January, February, and March. 

SOCIEDAD DE RADIOLOGÍA DEL ATLANTICO 
Secretary, Dr. Raul Fernandez, Calle 40 #41-110, Baran- 
quila, Colombia. Society meets monthly at the Instituto 
de Radiologia. 

SociEDAD DE RADIOLOGÍA DEL NORDESTE ARGENTINO 
Secretary-General, Dr. Francisco J. Velar, Catamarca 561, 
Corrientes, Argentina. 


SOCIEDAD DE RapioLoc{ia DE La PLATA 
Secretary, Dr. Hiram D. Haurigot, Calle so No. 374, La 
Plata, Argentina. 


SociepAD DE RapioLoGcia, CANCEROLOGiA y Fisica 
MeEpica DEL Urucuay 
Secretarr-General, Dr. Manuel Gonzáles Maseda, Av. 
Agraciada 1464, piso 13, Montevideo, Uruguay. 
SOCIEDADE DE RADIOLOGÍA DE PERNAMBUCO 
Secretary, Dr. Manoel Medeiros Instituto de Radiologia 
da Faculdade de Medicina da Universidade do Recife, 


Caixa Postal 505, Pernambuco, Brazil. 


SociEDAD DE ROENTGENOLOGÍA Y MEDICINA NUCLEAR DE 
LA Provincia DE CÓRDOBA 
Secretary-General, Dr. Lucas C. Di Rienzo, Ave. Gr. 
Paz. 151, Cérdoba, Argentina. 

SociEDAD DE Raprotocia, RADIOTERAPÉUTICA Y MEDICINA 
Nucueae DE Rosario 
Secretary-General, Dr. Federico Fragola, Santa Fe 1798, 
Rosario, Argentina. ® 


SociEDAD SALTENA DE RapioLocia y MEDICINA NUCLEAR 
Treasurer, Dr. Julio Luis Baldi, Av. Sarmiento 536, Salta, 
Argentina. 

SociEDaD VENEZOLANA DE RaproLocia y Mepicina Nu- 
CLEAR 
Secresary-General, Dr. Salvador Itriago Borgas, Apartado 
Postal 9213, Candelaria, Caracas, Venezuela. Meets 
montaly, third Friday at Colegio Médico del Distrito 
Federal, Caracas. 


CONTINENTAL EUROPE 


ÖSTERREICHISCHE RÖNTGEN-GESELLSCHAFT 
Secretary, Dr. Ernst Kotcher, Wiener Allgemeine Poli- 
klinik Mariannengasse 10, A-1090 Wien, Austria. Meets 
second Tvesday of each month in Allgemeine Poliklinik. 


Soci—TE Rovate BELGE pe RADIOLOGIE 
General Secretary, Dr. Joseph Baeyens, Alost, Belgium. 
Meets in February, March, May, June, September, 
October, November and December. 

SociErE EUROPÉENNE DE RADIOLOGIE PÉDIATRIQUE 
Secretery, Dr. J. Corbaton, Clinica Infantil “La Paz,” 
Av. Generalissimo, 117 Madrid 34, Spain. Annual Meet- 
ing: 

Paia Secretary, Clément Fauré, Hôpital des Enfants 
Malades, 149, rue de Sèvres, 75 730, Paris Cadet 15, France. 

SociETE FRANCAISE, DE RapioLoGIE MÉDICALE, MÉDECINE 
NUCLÉAIRE ET ÉLECTROLOGIE, and its branches: Socı- 
ÉTÉ DU SUD-OUEST, DU LITTORAL MÉDITERRANÉEN, DU 
Centre Et Lyonnais, Du Norb, DE L'Ouest, DE L’Est, 
pu Massi> CENTRAL, D'OUTRE-MER ET D’ETRANGER. 
Parent Sodety meets third Monday of each month, ex- 
cept during July, August and September, rue de Seine 
12, Patis, France. , 
Secretary-General, Dr. Ch. Proux, 9 rue Daru, Paris 
75008, France. 

SociÉrÉ FRANÇAISE DE NEURORADIOLOGIE , 
Secretary-General, Professeur agr. R. Djindjian 16, Tue 
de l'Université 75, Paris 7°, France. Annual meeting. 
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ČESKOSLOVENSKÁ RaDIOLOGICKA SPOLEČNOST 
Secretary, Associate Professor Jaromír Kolář, M.D., 
Sc.D., Radiological Clinic, Praha 2, U nemocnice 2, 
Czechoslovakia. Meets monthly except during July, 
August and September. Annual general meeting. 

DEUTSCHE RÖNTGENGESELLSCHAFT 
President, Professor Dr. med. Walter Frommhold, Di- 
rector of Medizinisches Strahleninstitut der Universität 
Tübingen, Röntgenweg 11, 7400 Tübingen, Germany. 

FacuLry or RapioLocists oF THE RoyaL COLLEGE OF 
SURGEONS IN IRELAND 
Honor. Secretary, Max. J. Ryan, St. Stephen’s Green, 
Dublin 2. Annual Meeting: 

SocierA ITALIANA pI RapioLocia Mepica E MEDICINA 
NUCLEARE 
Administrative Secretary, Prof. E. Conte, Ospedale 
Mauriziano, 10128 Torino, Italy. Meets annually. 

SocieTas RapioLoGIca DANICA ‘ 
Secretary, Dr. Bent Langenfeldt, Tretommerve}j 20a, DK. 
8240 Risskov, Denmark. 

NEDERLANDSE VERENIGING VOOR RADIOLOGIE 
Secretary, Dr. J. D. Mulder, Dept. of Rad., Akademisch 
Ziekenhuis, Leiden, Netherlands. 

Norsk ForeninG ror Mepicinsk RADIOLOGI 
General Secretary, Gunnar Stake, Rikshospitalet, Oslo, 
Norway. 

ScANDINAVIAN RADIOLOGICAL SOCIETY 
Secretary-General, Professor C. F. Unnérus, M.D., Haga- 
lung-Tapiola, Havsvindsvagn § C., Finland. Annual 
Meeting. 

SocrepaAD EspaNoLtA DE RapIoLoGiA Y ELECTROLOGIA 
MeEpicas Y DE MEDICINA NUCLEAR 
Secretary-General, Dr. Pilar Gallar Barbera, Villanueva, 
11, Madrid 1, España. Meets every other Saturday eve- 
ning 8f each month, Oct. to June, inclusive, in Madrid. 

SoclEDADE PorruGuEsA DE RapioLtociaA E MEDICINA 
NUCLEAR 
Secretary-General, Dr. Luís Aires de Sousa, Av. Elias 
Garcia, 123- 1, Esg.-Lisboa i-Portugal. 

Svensk FORENING FOR MEDICINSK RADIOLOGI 
Secretary, Dr. Hanz Ringertz, Röntgendiagnostika Av- 
delningen, Karolinska Sjukhuset 104 01 Stockholm 60, 
Sweden. 

SCHWEIZERISCHE VEREINIGUNG FUR RaproLociz, Nu- 
KLEARMEDIZIN UND STRAHLENBIOLOGIE (ASSOCIATION 
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Sursse DE RADIOLOGIE, MÉDECINE NUCLÉAIRE ET DE 
RADIOBIOLOGIE) 

Secretary, Dr. med. Gustav Schoch, Bethesdaspital, Gel- 
lerstrasse 144, 4000 Basel, Switzerland. 


ASIA 


BENGAL RADIOLOGICAL ASSOCIATION 
Honorary Secretary, Dr. B. Chatterji, 262 Rash Behari 
Ave., Calcutta 700019, India. Meets Ist Fri. and 3rd 
Wed. of every month. 

InpDIAN RADIOLOGICAL ASSOCIATION 
Honor. Gen. Secretary, Dr. S. P. Aggarwal, 10-B Kasturba 
Ghandi Marg, New Delhi tioooi. 28th Indian Congress of 
Radiology will be held in Hyderabad in 1975. 

INDONESIAN RADIOLOGICAL SOCIETY 
Secretary, Dr. Gani Iljas Sasmitaatmadja, Radiology 
Dep., Faculty of Medicine, University of Indonesia, 
Salemba 6, Jakarta, Indonesia. 

IRANIAN RADIOLOGICAL Socifry 
Secretary, Dr. Majid Rooholamini, P.O. Box No. 14-1151, 
Teheran, Iran. The Society meets on the second Satur- 
day of each month. 

IsRAEL RADIOLOGICAL SOCIETY 
Secretary, Dr. M. A. Lerner, Hesharon Hosp., Petah- 
Tigva, Israel. 

PHILIPPINE COLLEGE OF RADIOLOGY 
Secretary-Treasurer, Dr. Eduardo V. Nievera, Box 1284 
Commercial Center, Makati, Rizal D-708, Philippines. 
Meets every second Thursday of the month. 

RADIOLOGICAL SOCIETY OF THAILAND 
Secretary, Prof. Rojana Suvansuthi, M.D., Ph.D., 
Depart. of Rad., Sirizaj Hospital, Faculty of Medicine, 
Mahidol University, Bangkok 7, Thailand. 


AFRICA 


AssociATION OF Rapio.ocists OF West AFRICA 
Honorary Secretary, C. A. Beetlestone, M.B., B.S., 
D.M.R.D., Dept. Radiol., University College Hosp., 
Ibadan, ` Nigeria. 

RADIOLOGICAL SOCIETY OF SOUTH AFRICA 
Secretary, Dr. A. Visser, P. O. Box 8850, Johannesburg, 
South Africa. 

SOUTH AFRICAN INTERNATIONAL RADIOLOGICAL CONGRESS 
Director, Dr. Paul Sneider, P.O. Box 4878, Johannesburg, 
South Africa. 
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ROENTGEN DIAGNOSIS 


NECK AND CHEST 


e 
GEORGE, RonaLrp B., HERBERT, STEPHEN J., 
SHAMES, Jay M., ELLITHORPE, Dean B., 
WEILL, Hans, and Ziskinp, Morron M. 
Pneumothorax complicating pulmonary em- 
physema. 7.4.M.A., Oct., 1975, 2374, 389- 
393. (Address: Ronald B. George, M.D., 
Pulmonary Diseases Section, LSU School of 
Medicine, P.O. Box 3932, Shreveport, La. 


71130.) 


The importance of chest roentgenography in 
pneumothorax was emphasized in this paper which 
describes two groups of patients who developed this 
entity. In the younger patient who develops spon- 
taneous pneumothorax without the complication 
of chronic obstructive lung disease, the usual cause 
is rupture of pleural blebs formed as the result of 
defects in the walls of subpleural alveoli. In the older 
patients, however, spontaneous pneumothorax is 
most often due to chronic bronchitis and emphysema 
and results from a rupture of intrapulmonary bullae 
through the intact visceral pleura. Treatment in the 
younger group, who recur more frequently, is more 
often associated with thoracotomy than in the older 
group, ut it is usually much more recognizable and 
much better tolerated than in the older group with 
pre-existing chronic lung disease and other pre- 
existing serious conditions. 

The difficulty arises because of the frequent lack 
of chest pain and increased breathlessness and 
anxiety out of proportion to the amount of pneumo- 
thorax present. Emphysema patients are frequently 
found to have breathlessness, anxiety, decreased 
breath sounds and hyperresonance, and a chest 
roentgenogram, therefore, becomes the only method 
to detect the presence of pneumothorax. It should 
be noted that the older age group is not as likely to 
develop air trapping or tracheal shift, because of the 
loss of elasticity and compliance of the chest and 
lungs in a degree of associated pneumothorax visible 
on the roentgenogram may be surprisingly small in 
relation to the symptom. There is more likely to be 
widening of the interspaces and diaphragmatic de- 
pression on the involved side than there is shift of 
the mediastinal structures. 

Several cases and excellent roentgenograms are 
presented and the authors conclude that pneumo- 
thorax is frequently a benign complication if it is 
recognized and treated promptly.—Rodert P. An- 
drews, M.D. 


OTTINGER, LEsLIE W. Ruptured arteriosclerotic 
aneurysms of the abdominal aorta: reducing 
mortality. 7.4.M.4., July, 1975, 233, 147- 
150. (Address: Department of Surgery, 
Massachusetts General Hospital, Warren 
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Building, 275 Charles Street, Boston, Mass. 
O2114.) 


Despite improved techniques in management, 
over-all mortality from ruptured arteriosclerotic 
aneurysms of the aorta remains unacceptably high, 
and this study was carried out to identify preopera- 
tive factors which contribute to the poor results. 
One hundred patients were reviewed. Mortality was 
highest in the group who had a preoperative episode 
of systolic hypotension less than 80 mm of mercury, 
preoperative cardiac arrest, free intra-abdominal 
rupture, or preoperative anuria. Dr. Ottinger makes 
the important points that 85 percent of the aneu- 
rysms involved in this study were not diagnosed pre- 
operatively, but that none were smaller than 7 cm 
in diameter, and that routine physical examination 
over the age of 40 should carefully search for ab- 
dominal aneurysms. 

Since mortality doubles with the above described 
developments, and risk is usually the same if elective 
resection is done as soon as symptoms occur, early 
diagnosis is highly desirable, as well as early surgical 
intervention. The most important point made is that 
pain in the presence of an aneurysm or pulsatile ab- 
dominal mass must be considered diagnostic of a 
rupture. If resection is rapidly carried out with 
satisfactory volume replacement, avoidance of 
measures that acutely increase blood pressure (such 
as passage of a nasogastric tube which results in 
straining) and when possible use of an antigravity 
suit, especially if the patient has to be transferred 
from one hospital to another, mortality will be 
reduced. Since mortality under the conditions de- 
scribed is in excess of 50 percent and the mortality 
for elective resection is 10 percent and is near that 
level if surgical attack is carried out shortly after 
rupture, then early diagnosis remains the best pre- 
ventive measure.—Rodert P. Andrews, M.D. 


Tara, BARTOLO, and PALMIERI, BENIAMINO. 
L’ecografia tiroidea nella diagnosi differenzi- 
ale tra neoplasie benigne e maligne. (Thyroid 
echography in the differential diagnosis be- 
tween benign and malignant neoplasms.) 
Radiol. med., March, 1975, ÓZ, 246-258. 
(Address: Dr. Bartolo Talia, Istituto di 
Radiologia e Terapia Fisica, dell’ Univer- 
sità di Modena, Modena, Italy.) 


The indications for echotomography of the thyroid 
can be summarized as follows: (1) evaluation of size, 
shape and position of the gland; (2) differentiation 
between a solid or a cystic lymph node; (3) differen- 
tial diagnosis between a benign or a malignant lesion. 

Fifty patients with different types of thyroid 
disease were examined with the usual sonographic 
technique at low sensitivity and satisfactory results 
were obtained in the demonstration of a thyroid 
hyperplasia and of benign lesions. However, the 
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sonograms of patients with malignant thyroid tu- 
mors were not considered to provide a definite dif- 
ferential diagnosis. 

Because one of the most important histopatho- 
logic characteristics of the malignant lesion is its 
tendency to infiltrate the adjacent parenchyma, the 
authors injected with 2 cc of sterile water the areas 
of the thyroid which appeared in the preliminary 
sonograms to be involved by an infiltrative process. 
No untoward reactions were observed in the 2e 
patients subjected to this procedure. In 10 cases the 
sonographic conclusions were of “probable benign 
lesion”; in 10 of “questionable malignant process.” A 
third group of 5 patients affected by thyroid hyper- 
trophy were considered as control. 

The results obtained in the second group showed 
that the sterile solution moving in a centrifugal 
fashion between the infiltrated segments of parenchy- 
ma and between the necrotic or hemorrhagic ele- 
ments, resulted in the production of stronger echoes 
which permitted a clear demonstration of the irregu- 
lar, almost ragged, contours of the lesions. In benign 
lesions the sterile solution remained in the injected 
area giving rise to localized and well-definec echoes. 
In the third group the sonograms before and after 
injection of the sterile water showed no significant 
difference. 

The authors feel that their procedure should clarify 
those sonograms of the thyroid in which a question- 
able malignant lesion is suspected.—d. F. Govoni, 


M.D. 


Batius-Jut1, R. Embolismo graso post- 
traumatico. (Post-traumatic fatty embolism.) 


Anales de Medicina, March, 1975, 67, 147. 


Following trauma (fractures) two types of fatty 
embolism can occur: (a) Pulmonary embolism; and 
(b) generalized embolism. 

The author found, during autopsy studies, that 
75 percent of fatal accident cases showed evidence 
of fatty pulmonary embolism. In 20 percent of these 
cases embolism was massive. It is noted that signifi- 
cant trauma to soft organs can also lead to embolism. 
A case of pulmonary emboli due to liver fragments in 
a case of ruptured liver is mentioned. 

In cases of significant pulmonary embolism, hy- 
poxia would be the most important consequence. 

In cases of generalized fatty embolism, symptoms 
appear 36-72 hours after the traumatic episode and 
include: cerebral symptoms, hyperthermia, altera- 
tion of consciousness (coma or agitation), central 
tachycardia, and mild variable non-focal neurological 
signs; respiratory symptoms, related to hypoxia, with 
or without roentgen evidence of infarction or pul- 
monary edema; eyeground signs consisting of whitish 
spots around the retinal vessels; skin petechia, par- 
ticularly in the upper chest, neck and axillae. Vari- 
ous tests used in diagnosis (fat cells in the urine, 
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sputum etc.) are non-reliable, and diagnosis should 
be based on clinical evaluation. 

Treatment should be mainly prophylactic: careful 
handling of fractures, prompt immobilization of frac- 
tures, avoiding continuous-traction treatments.— 
Fultan B. Alvarez, M.D. 


Serstcck, Doris S., and ZINNEMAN, Horace 
EH. Pulmonary and articular sporotrichosis: 
report of two cases. 7.4.M.A., Sept., 1975, 
233, 1291-1293. (Address: Horace H. Zinne- 
man. M.D., Veterans Administration Hos- 
pital, s4th Street and 48th Avenue S., 
Minneapolis, Minn. 55417.) 


The authors report two cases of sporotrichosis 
which are rare; one, a case of primary sporotrichosis 
of the lung was treated successfully with Amphoteri- 
cin B amd penicillin. The second case was delineated 
in the knee of an elderly patient and improved with 
Amphotericin B systemically and in the joint space. 
The roentgen findings shown and in the first case 
demonstrate a right upper lobe infiltrate, and in the 
second case show moderate nonspecific degenerative 
changes in the knee joint. 

In their conclusion, the authors discuss various 
modes of treatment including the methods used in 
these petients as well as high temperature baths and 
diathermy, which are occasionally eff&tive.— 
Robert P. Andrews, M.D. 


ABDOMEN 


Pararannl, F., Reri, C., GALerri, J., GRANI, 
M., and Dat Pozzo, M. La colecistite 
enfis2matosa (descrizione di due casi). (Em- 
pnysematous cholecystisis: report of 2 cases.) 
Ann. radtol. diag., 1975, 45, 429-435. (From: 
Spedali Riuniti di S. Maria Sopra i Ponti 
Ospedale Generale Provinciale, Arezzo, 
Italy.) 


Emphysematous cholecystisis is a rather rare in- 
flammazory process involving the gallbladder and 
characterized by the intraluminal presence of gas in 
the visas. 

Of th2 several organisms which have been isolated 
and are thought to be responsible for this phenome- 
non, the most common aie E. coli, Clostridium welchii 
and Clostridium oedematiens. However, other impor- 
tant causes are thought to be the reflux of gastric 
and pancreatic juices into the biliary system and 
anoxem.a of the walls of the gallbladder. 

The roentgen findings are well known and vary 
with the stage ot the pathologic process. Usually a 
standard roentgenogram of the abdomen demon- 
strates either a homogeneous or a mottled gas shadow 
In the right upper quadrant, corresponding to the 
usual appearance of the gallbladder. In the ercet 
position a fluid level is noted. 


1020 


From an analysis of the literature it appears that 
the age-group most frequently affected is between 
40 and 50 years. 

Until the present, about 60 cases have been re- 
ported and the authors added 2 more and observed 
two males aged 58 and 71, respectively. 

(See also the paper on the same subject by L. 
Blum and A. Stagg in the April 1963 issue of the 
Journa..)—A. F. Govoni, M.D. 


Mackenzie, M., Forpyce, J., and Youna, 
D. G. Subphrenic abscess in children. Brit. 
F. Surg., April, 1975, 62, 305-308. (From: 
Royal Hospital for Sick Children, Yorkhill, 
Glasgow, Scotland.) 


Subphrenic abscess remains a serious complication 
of intra-abdominal sepsis or surgery. Nineteen con- 
secutive childhood cases of subphrenic abscess which 
were treated are analyzed. This complication of intra- 
abdominal suppuration following surgery still carries 
a grave prognosis. In this series four of the patients 
died (21 percent), however, two of the deaths were 
related to subphrenic abscess while the remaining two 
were not directly related. 

Among the clinical signs and symptoms of presen- 
tation were pyrexia, leucocytosis, abdominal pain, 
abdominal swelling and tenderness and anemia. 
Roentgenographic evidences were elevation of the 
hemidiaphragm, pleural effusion and gas under the 
diaphragm. Fluoroscopy showed limitation of move- 
ment of the hemidiaphragm on the side of the abscess 
in every patient in which it was performed. However, 
complete immobility of the diaphragm is probably a 
late manifestation of the condition since movement 
was retained with both subhepatic abscesses and 
better than with suprahepatic abscesses, although 
better in the former than in the latter. The primary 
conditions preceding the development of subphrenic 
abscess were acute appendicitis in over half of the 
cases, primary peritonitis (21 percent) and post- 
surgical (10 percent). 

Treatment consisted of antibiotic therapy and sur- 
gical intervention. The earlier the diagnosis the 
better the prognosis.—Lione/ W. Young, M.D. 


SKELETAL SYSTEM 


Koz.owskl, K., Roperrson, F., and MIDDLE- 
Ton, R. Radiographic findings in Larsen’s 
syndrome. Australasian Radiol., Sept., 1974, 
78, 336-344. (From: The Departments of 
Radiology and Orthopaedics of the Royal 
Alexandra Hospital for Children, Sydney, 
Australia.) 


Larsen’s syndrome is characterized by multiple, 
usually bilateral joint dislocations, positional de- 
formities of the hands and feet, finger abnormalities, 
scoliosis and peculiar facies. The authors report 
roentgenographic findings in four cases from Aus- 
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tralia. They indicate that these cases were found 
among 14 cases filed as congenital dislocation of the 
knees. This is in accord with Silverman’s analysis 
of the literature which uncovered 46 cases of Larsen’s 
syndrome, although only 13 had been reported as 
such. Among annotations other than Larsen’s syn- 
drome have been arthrogryposis, multiple congenital 
anomalies, multiple joint dislocations or knee and 
hip dislocations. The abnormalities may show regres- 
sion with age and under treatment, the diagnosis may 
be more difficult later in childhood and in adults. 
The authors tabulate the roentgenographic data 
and also offer a roentgenographic differential diag- 
nosis. In infancy such entities as arthrogryposis 
syndrome, chromosomal abnormalities, multiple 
congenital joint dislocatiéns, multiple congenital 
unclassified anomalies and diastrophic dwarfism are 
considered. In childhood the differential diagnosis 
includes diastrophic dwarfism, spondyloepiphyseal 
dysplasia, multiple congenital unclassified anomalies 


and Perthes disease.— Lionel W. Young, M.D. 


D’Errorre, and Borcut, A. Possibilità limiti 
della diagnosi radiologica degli osteoblastomi 
benigni. (Possibilities and limitations in the 
radiographic diagnosis of benign osteoblas- 
toma.) Ann. radiol. diag., 1975, 45, 319-328. 
(From: Istituto Ortopedico Rizzoli, Servizio 
di Radiologia, Bologna, Italy.) 


The roentgenologic findings of benign osteoblas- 
toma are not specific because the polymorphism of 
the lesion is related to its stage of evolution and its 
site of origin. 

The clinical, pathological, and roentgenographic 
findings observed in 45 patients with proved osteo- 
blastomas were reviewed in order to evaluate the role 
of roentgenology in the correct diagnosis of these 
lesions. 

The lesions were subdivided into five groups in 
accordance with the different roentgenographic pat- 
terns: (1) area of osteolysis without perifocal sclerotic 
reaction, § cases; (2) area of osteolysis with perifocal 
process of sclerosis, 16 cases; (3) “ballooning” of the 
involved segment of bone with central calcification, 
10 cases; (4) pseudocystic appearance, 8 cases; and 
(5) osteosclerotic and hyperostocic, 4 cases. 

The patterns of Groups I, III, and IV are consid- 
ered to represent the various early stages in the 
evolution of the tumor, while the bony changes of 
Groups II and V would instead represent the further 
progress of the lesion. 

The only relative constant and characteristic 
roentgen pattern of osteoblastoma is noted in its 
localization in the vertebral apophysis. When the 
lesion arises from the epiphysis and metaphysis of a 
long bone the differential diagnosis should consider 
such lesions as benign chondroblastoma, aneurys- 
matic cyst, etc. In its location in the diaphyses of 
long bones and because of the presence of osteolytic 
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and ostoblastic changes, the differential diagnosis is 
made more difficult and one should consider among 
others such pathologic processes as Brodie’s abscess, 
nonostenogenic fibroma and osteoid osteomas.— 


A. F. Govoni, M.D. 


BLANQUET-BENEDICTO, A., ORDUNO-SERRA, M., 
and Ley-Gracia, A. Lipocalcinosis tumoral. 
(Tumoral lipocalcinosis.) Anales de Medi- 
cina, May, 1975, 61, 334. 


This entity is also known as lipo-granulomatosis, 
It is a benign process of unknown origin, which 
usually starts in adolescence. 

It is manifested by the presence of a densely calci- 
fied nodular mass adjac@nt to large joints, such as 
hips shoulders, or elbows. Histologically it is made 
up of osteoblasts, osteoclasts, fibrous tissue, giant 
cells, and xanthomatous cells. Clinically it presents 
as a painless, hard, para-articular mass, and any 
Symptoms are due to compression of nerves, etc. 
Treatment is surgical. 

This article is a case report of a 51 year old male. 
He had two episodes of pain, within the last three 
years, in the left gluteal area, radiating to the thigh 
and leg. A large mass, which the patient stated he 
had since his youth, was palpable in the left tro- 
chanteric area: it had never produced local symp- 
toms. Roentgen studies of the lumbosacral spine, 
including myelography were negative. Roentgeno- 
grams of the left hip showed a large cauliflower-like 
calcified mass adjacent to the greater trochanter. At 
surgery it was noted that this mass was stretching 
the sciatic nerve, and this explained the symptoms, 
The mass was completely excised and the symptoms 
disappeared.—Fulian B. Alvarez, M.D. 


RADIOISOTOPES 


SIEGEL, MıcnaeL E., WALKER, WILLIAM Joia 
and CAMPBELL, Jonn L., II. Accumulation 
of *=Tc-diphosphonate in malignant pleural 
effusions: detection and verification. F: 
Nuclear Med., Oct., 1975, 76, 883-885. 
(Address: Michael E. Siegel, Division of 
Nuclear Medicine, Malcolm Grow USAF 
Medical Center, Andrews Air Force Base, 
Washington, D.C. 20331.) 


*™Tc-diphosphonate and closely related com- 
pounds have been reported to accumulate in extra- 
osseous tissues such as astrocytomas, lymphomas, 
neurofibromas and breast carcinomas. Two patients 
with malignant pleural effusions had bone scans and 
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an increased activity was noted on the side having 
the pleural effusion. There was a small posterior 
pleural effusion in the patient with a bronchogenic 
carcinoma, and a moderate pleural effusion in the 
postmastectomy patient. 

Qualitative and quantitative studies were done on 
the pleural effusion in the breast case in addition to 
pre ard post-thoracentesis scanning. The 9™Tc- 
diphosrfhonate was in the noncellular fluid compo- 
nent of the pleural effusion. 

The above study suggests a specificity of the 
*™Tc-diphosphonate for malignant pleural effu- 
sions.—Charles W. Cooley, M.D. 


MISCELLANEOUS 


CuarKes, N. Davin, Matmup, Leon S., 
CasweLL, TAYLOR, GOLDMAN, LEONARD, 
Hatz, Jonn, Lausy, Vincent, LIGHTFOOT, 
WituraM, Mater,’ Wirus, and Rosemonp, 
GEORGE. Preoperative bone scans: use in 
women with early breast cancer. 7.4.M.Z., 
Aug. 1975, 233, 516-518. (Address: N. David 
Charkes, M.D., Section of Nuclear Medicine, 
Temple University Hospital, 3401 N. Broad 
Street, Philadelphia, Penn. 19140.) 


A group of women suspected of having breast can- 
cer had preoperative Sr-87m bone scans. No®patient 
had sigrs or symptoms suggestive of bone metastases 
or other distant spread. Thirty-five of the patients 
were subsequently found to have breast cancer. 
Thirteea of the patients had abnormal scans and in 
ten the increased uptake could be explained by non- 
malignant causes such as arthritis, kyphoscoliosis, 
disk dis2ase, etc. Three of the 13 patients (9 percent) 
had bore metastases, as shown by bone scanning but 
not roer tgenographically, 

Twenty-two of the 35 patients had axillary lymph 
node metastases. Bone metastases were suspected by 
scans in 14 percent (3 of 22) of patients with regional 
lymph node metastases and none in the 13 with no 
regional lymph node metastases. 

New bone metastases developed in 8 patients dur- 
ing the follow-up period of 20 months, all in the 
group with axillary lymph node involvement. 

The bone scan is not specific for bone metastases. 
Bone scanning can detect bone metastases earlier 
than can be shown roentgenographically. 

Preoperative bone scanning is of value in detect- 
ing unsaspected metastases and if metastases are 
present radical surgery would be contraindicated.— 


Charles W. Cooley, M.D. 


DECEMBER, 1975 


SUBJECT INDEX TO VOLUME 125 


° (E) = editorial 


ABDOMEN, anomalies: arteriogfaphic manifestations 
of abdominal situs inversus, 427 
ABDOMINAL aorta, rupture of dneurysm of; pseudo- 
retroperitoneal gas in, 134 
disease, acute; significance of thermography in 
diagnosis of, 164 
scars; heterotopic bone formation in (ab), 508 
situs inversus; arteriographic manifestations of, 
427 
ABORTION, elective; ultrasound in management of, 
469 
Abscess, subphrenic, in children (ab), 1020 
ADAMANTINOMA of long bones: clinicopathological 
study of fourteen cases with vascular origin 
suggested (ab), 285 
ADENOMAS, hepatic cell, spontaneous liver rupture, 
and oral contraceptives (ab), 511 
Apramycin, VM 26 and CCNU; treatment of in- 
operable glioblastomas using combination 
of (ab), 758 
(Amanita) mushroom, poisoning; roentgenographic 
features of, 782 
AMERICAN ROENTGEN Ray Society, Seventy-sixth 
e Annual Meeting of (E), 982 
Scientific exhibits, 984 
Technical exhibits, 1005 
ANAL sphincter stimulation, electronic, in barium 
enema examination; preliminary communi- 
cation, 240 
ANEURYSM, dissecting, of thoracic aorta: reappraisal 
of radiologic diagnosis, 559 
rupture of, of abdominal aorta: pseudoretro- 
peritoneal gas in, 134 
ANEURYSMS of abdominal aorta; angiography in 
management of: its value and safety (ab), 
509 
ruptured arteriosclerotic, of abdominal aorta: 
reducing mortality (ab), 1018 
sinus of Valsalva; roentgenology of, 571 
ANGIOCARDIOGRAPHY with small-size rapid cassette 
changer films, 259 
ANGIOGRAM, splenic, “starry night’’: contrast ma- 
terial opacification of malpighian body mar- 
ginal sinus circulation in spleen trauma, 9I 
ANGIOGRAPHIC features of Cimino-Brescia fistulas, 
582 
observations, some new, in patients with Chiari 
type I and II malformations (ab), 513 
severity of major pulmonary embolism; evalua- 
tion of method for quantifying, 895 
signs; critical review of roentgenological features 
and additional: Ebstein’s anomaly of tri- 
cuspid valve, 395 
ANGIOGRAPHY; arteriomegaly, 553 
bleeding marginal ulcer; catheterization diag- 


(ab) = abstract 


hosis and therapy, 812 
cavernous hemangioma of kidney, 682 
cerebral: displacement of pontine arteries by 
fungating pontine astrocytomias, 833 
cerebral: significance of dural supply from ca- 
rotid siphon, 816 
dissecting aneurysm of thoracic aorta: reap- 
praisal of radiologic diagnosis, 559 
electrocoagulation: transarterial electrocoagula- 
tion therapy of pseudoaneurysm in head of 
pancreas, 422 œ 
embolization: control of renal hemorrhage by 
selective arterial embolization, 300 
experimental use of prostaglandin E, in nonoc- 
clusive mesenteric ischemia, 99 
extremities: angiographic features of Cimino- 
Brescia fistulas, 582 
heart: roentgenology of sinus of Valsalva aneu- 
rysms, $71 
in expansile lesions of spleen, 81 
in management of aneurysms of abdominal 
aorta: its value and safety (ab), 509 
kidney: circumaortic renal collar; potentially 
hazardous anomaly of left renal vein, 307 
lung: various forms of pulmonary varices; re- 
port of three new cases and review of litera- 
ture, 881 
mesenteric, of non-tropical sprue, 442 
pathology and differential diagnosis; intracra- 
nial hemangiopericytomas, 823 
polyvinyl alcohol (ivalon): new embolic ma- 
terial, 609 
renal hemangiomas; analysis of 13 cases diag- 
nosed by, 788 
superior mesenteric, and blood flow following 
intra-arterial injection of prostaglandin Fo, 
III 
Anus, imperforate; calcified intraluminal meconium 
in newborn males with: enterolithiasis in 
newborn, 449 
Aorta, abdominal; angiography in management of 
aneurysms of: its value and safety (ab), 509 
abdominal, rupture of aneurysms of; pseudo- 
retroperitoneal gas in, 134 
abdominal; ruptured arteriosclerotic aneurysms 
of: reducing mortality (ab), 1018 
anomalies: cervical aortic arch, 591 
chest roentgenography as window to diagnosis 
of Takayasu’s arteritis, 842 
thoracic; dissecting aneurysm of: reappraisal of 
radiologic diagnosis, 559 
Aortic arch, cervical, 591 
valve; orifice-view roentgenography for evalua- 
tion of, 847 
ARTERIAL embolization, selective; control of renal 


1022 


Vou. 125, No. 4 


hemorrhage by, 300 
embolization, selective, for control of massive 
upper gastrointestinal bleeding, 119 
-intra injection of prostaglandin Fa; superior 
mesenteric angiography and blood flow fol- 
lowing, III 
ARTERIES, pontine, displacement of; by fungating 
pontine astrocytomas, 833 
ARTERIOGRAPHIC manifestations of abdominal situs 
inversus, 427 
manifestations of ganglioneuromas (ab), 282 
ARTERIOGRAPHY and sonography, complementary 
role of, in management of uterine chorio- 
carcinoma, 462 
isotope: peripheral vascular perfusion scanning: 
correlation with arteriogram and clinical 
assessment in patient with peripheral vas- 
cular disease, 628 
of renal transplants (ab), 512 
portal vein: technique and complications of 
transumbilical catheterization of portal 
vein and its tributaries, 431 
ARTERIOMEGALY, 553 
ARTERIOSCLEROSIS obliterans; external iliac artery 
blood flow in patients with, 437 
ARTERITIS, Takayasu’s; chest roentgenography as 
window to diagnosis of, 842 
ARTERY blood flow, external iliac, in patients with 
arteriosclerosis obliterans, 437 
congenital avalvular pulmonary, and infantile 
lobar emphysema; diagnostic correlation, 
412 
splenic, catheter embolization of: as treatment 
for acute bleeding from varices (ab), 510 
Astrocytomas, fungating pontine; displacement of 
pontine arteries by, 833 


BARIUM enema exaraination: electronic anal sphinc- 
ter stimulation in: preliminary communica- 
tion, 240 
findings in retrograde intussusception, 717 
studies of stomach and duodenum, diagnostic 
accuracy of: correlation with endoscopy 
(ab), 508 
BATTERED child syndrome, pancreatitis and: report 
of 2 cases with skeletal involvement, 456 
BENIGN, solitary schwannomas of lesser peritoneal 
sac, 391 
Bezoar, yeast, formation following gastric surgery, 
365 
Bri.iary disease, obstructive: gray scale ultrasound 
diagnosis of, 47 
system, liver, and portal circulation; transjugu- 
lar approach to, 602 
Biopsy, lymph node, percutaneous retroperitoneal; 
feasibility study for, 234 
BLADDER, anatomy: radiologic features of the inter- 
ureteric ridge, 688 
ileal: natural history of upper renal tracts in 


Subject Index to Volume 125 


1023 


adults following uretero-ileal diversion 
(Bricker procedure), 804 
incontinence: roentgepologic evaluation of new 
prosthetic sphincter for treatment of incon- 
tinence, 479 
lateral displacement of, 337 
reflux: vesicoureteral reflux in adults, 314 
ultrasound: residual urine determination by ul- 
trasonic scanning, 474 
BLEEDING, massive upper gastrointestinal; selective 
arterial embolization for control of, 119 
BLoop flow and superior mesenteric angiography fol- 
lowing intra-arterial injection of prosta- 
glandin Fo, III 
Bone, dysplasia; skeletal abnormalities in the Kniest 
syndrome with mucopolysaccharidurea, 731 
formation, heterotopic, in abdominal scars (ab), 
508 
giant-cell tumor of: demographic, clinical, and 
histopathological study of all cases recorded 
in Swedish Cancer Registry for years 1958 
through 1968 (ab), 286 
growth: roentgen recognition of acute plastic 
bowing of forearm in children, 524 
tumor imaging by scintigraphy of skeleton, mar- 
row reticuloendothelial system, and pro- 
liferative tissue, 965 
Bones, hand; improved roentgenologic diagfosis of 
osteomalacia by microradioscopy of, 925 
long; adamantinoma of: clinicopathological 
study of fourteen cases with vascular origin 
suggested (ab), 285 
Book ReEviEws 
Radiology of Syndromes. By Hooshang Taybi, 
272 
Clark’s Positioning in Radiology. By Kathleen 
C. Clark. Revised and Edited by James 
McInnes, 496 
Tomography and Cross Sections of the Ear. By 
Galdino E. Valvassori, and Richard A. 
Buckingham, 746 
The Biology and Clinical Management of Blad- 
der Cancer. Edited by E. H. Cooper, and 
R. E. Williams, 746 
Traite de Radiodiagnostic. By J. Vignaud, G. L. 
Dulac, J. Francois, Y. Guerrier, P. Rabi- 
schong, Ph. Tennenbaum, and G. Val- 
vassori, 1008 
Brain tumor: intracranial hemangiopericytomas; 
angiography, pathology and differential di- 
agnosis, 823 
tumor: displacement of pontine arteries by 
fungating pontine astrocytomas, 833 
vessels: significance of dural supply from carotid 
siphon, 816 
Breast Cisease, male; xerographic manifestations of, 
656 


BRONCHOGENIC carcinoma of hilum; radionuclide 


1024 


studies in: scintigraphy and tomography; 
their complementary features, 640 
& 

CALCIFIED intraluminal meconium in newborn males 
with imperforate anus: enterolithiasis in 
newborn, 449 

CameERA, whole body; whole body transmission- 
emission scanning with, 978 

Cancer, early breast, use in women with: preopera- 
tive bone scans (ab), 1021 

of lung, long survival after operation for (ab), 
507 

Carcinoma, bronchogenic, of hilum; radionuclide 
studies in; scintigraphy and tomography; 
their complementary features, 640 

invasive, of cervix: results of treatment of 1962 
cases at the Curie Foundation from 1956 to 
1967 (ab), 282 

invasive squamous cell, of intact uterine cervix: 
analysis of sites and causes of failures of 
irradiation in (ab), 762 

metastases; accuracy of °%™Tc-diphosphonate 
bone scans and roentgenograms in detection 
of prostate, breast and lung, 972 

“mobile” vocal cord; treatment of: cordectomy 
versus irradiation (ab), 761 

prostate; rectal and sigmoid involvement sec- 
ondary to, 910 

CarorTiD siphon; significance of dural supply from, 
816 

CARTILAGINOUS rings; congenital esophageal stric- 
tures due to (ab), 758 

CATHETER embolization of splenic artery as treat- 
ment for acute bleeding from varices (ab), 
510 

CATHETERIZATION, transumbilical, of portal vein and 
its tributaries; technique and complications 
of, 431 

CavoGRAPuy in tumor diagnosis: scope and limita- 
tions of (ab), 510 

CEREBRAL atrophy; validity of criteria for evaluation 
of: by computed tomozraphy (ab), 512 

CERVICAL aortic arch, $91 

CERVIX, invasive carcinoma of: results of treatment 
of 1962 cases at Curie Foundation from 
1956 to 1967 (ab), 282 

CESAREAN section, indication for: persistent hyper- 
extension of neck in breech (“star-gazing 
fetus”) and in transverse lie (‘‘flying- 
fetus”), 447 

CHEST roentgenogram, differentiation between pri- 
mary and secondary involvement on: medi- 
astinal neuroblastoma and ganglioneuroma, 
380 

Curari Type I and II malformations; some new an- 
giographic observations in patients with 
(ab), 513 

CHOLANGIOCHOLECYSTOGRAPHY: meglumine iodoxa- 
mate; new contrast medium for, 251 

CHOLANGIOGRAPHY, operative: obligation of radiolo- 


Subject Index to Volume 125 


DECEMBER, 1975 


gist to surgeon and his patient (E), 490 
percutaneous transhepatic: problems in inter- 
pretation, 35 
transjugular approach to liver, biliary system, 
and portal circulation, 602 
CHOLECYSTISIS, emphysematous: report of 2 cases 
(ab), 1019 
Cuo.ecysto-colic relationships: roentgen-anatomic 
study of colonic manifestations of gall- 
bladder disorders, 21 
CHONDRODYSPLASIA, rhizomelic, and micrognathia 
at birth with subsequent normal growth; 
Weissenbacher-Zweymuller syndrome of, 
936 
Cuonpro_ysis, possible idiopathic: bizarre stiff hip 
(ab), 285 ý 
CHORIOCARCINOMA, uterine; complementary role of 
sonography and arteriography in manage- 
ment of, 462 
CHYLOTHORAX; role of lymphangiography in: report 
of six nontraumatic cases, 617 
CHYMOPAPAIN chemonucleolysis in lumbar disk dis- 
ease (ab), 283 
Cimino-Brescia fistulas; angiographic features of, 
582 
CLEIDOCRANIAL dysostosis, association of, with hear- 
ing loss, 944 
Co itis, ulcerative; limited form of Wegener’s granu- 
lomatosis in, 127 
Coon, anatomy of: guide to intra-abdominal pathol- 
ogy: Hickey Lecture, 1975, 3 
cholecysto-colic relationships: roentgen-anatomic 
study of colonic manifesatations of gall- 
bladder disorders, 21 
metastases: rectal and sigmoid involvement sec- 
ondary to carcinoma of prostate, 910 
syndrome, neonatal small left; intestinal perfora- 
tion as complication, 75 
CoLonic manifestations of gallbladder disorders, 
roentgen-anatomic study of; cholecysto- 
colic relationships, 21 
ConGENITAL avalvular pulmonary artery and in- 
fantile lobar emphysema; diagnostic corre- 
lation, 412 
ConTRAST examinations in roentgenographic diag- 
nosis, importance of: gallstone ileus, 374 
material opacification of malpighian body mar- 
ginal sinus circulation in spleen trauma; 
“starry night” splenic angiogram, gI 
medium, new, for cholangiocholecystography: 
meglumine iodoxamate, 251 
Conus, tethered, 515 
Corb, vocal, paresis, left and esophageal diverticulum 
due to mediastinal fibrosis; new syndrome 
of, 193 
CRANIAL trauma; unusual foreign bodies associated 
with, 839 
CRrANIOSYNOSTUSIS, detection of; by bone scanning 
(ab), 764 
Croun’s disease of esophagus, 359 


VoL. 125, No. 4 


CysTADENOMA of pancreas (ab), 510 
Cysts, renal; percutaneous management of: results 
of four-year study (ab), 512 


Dens; avascular necrosis of proximal end of; com- 
plicationsof halo-pelvic distraction (ab), 514 
DIASTEMATOMYELIA, incomplete, false, and true: ra- 
diological evaluation by air myelography 
and tomography (ab), 761 
Disease, acute abdominal; significance of thermog- 
raphy in diagnosis of, 164 
Crohn’s, of esophagus, 359 
Forestier’s, with extraspinal manifestations: dif- 
fuse idiopathic skeletal hyperostosis (DISH) 
(ab), 514 ° 
hyaline membrane; pulmonary venous air em- 
bolism in, 538 
Legg-Calvé-Perthes; osteochondritis dissecans 
in (ab), 760 
lumbar disk; chymopapain chemonucleolysis in 
(ab), 283 
male breast; xerographic manifestations of, 656 
obstructive biliary; gray scale ultrasound diag- 
nosis of, 47 
Diseases, manifestations of diaphragmatic and juxta- 
diaphragmatic: in liver-spleen scintigraph 
(ab), 289 
DISPLACEMENT, lateral, of bladder, 337 
DIvERTICULUM, esophageal and left vocal cord 
paresis due to mediastinal fibrosis; new syn- 
drome of, 193 
Drowninc: another plunge, 543 
Dysosrosis, cleidocranial, association of, with hear- 
ing loss, 944 
DyspHaGIA, transient post-vagotomy: distinct clini- 
cal and roentgenographic entity, 956 
DysTROPHIES, muscular; gastrointestinal manifesta- 
tions of: review of roentgen findings, 948 


EBSTEIN’s anomaly of tricuspid valve: critical review 
of roentgenological features and additional 
angiographic signs, 395 

Ecuocrapny, hepatic, 51 

thyroid, in differential diagnosis between benign 
and malignant neoplasms (ab), 1018 

Epema, pulmonary, and continuous positive pressure 
breathing (CPPB), 549 

EDITORIALS 

Urography, Shock Reaction and Repeated 
Urography, 264 

Operative Cholangiography: the Obligation of 
the Radiologist to the Surgeon and His Pa- 
tient, 490 

The New Special Names of SI Units in the Field 
of Ionizing Radiations, 492 

Informed Consent and the Radiation Thera- 
pist’s Responsibility, 740 

The Seventy-sixth Annual Meeting of the 
American Roentgen Ray Society, 982 


Subject Index to Volume 125 


1025 


ELECTEOCOAGULATION therapy, transarterial, of pseu- 
doaneurysm in head of pancreas, 422 
Emsotic material, new: polyvinyl alcohol (ivalon), 
609 
EmBoLisM, major pulmonary; evaluation of method 
for quantifying angiographic severity of, 
895 
post-traumatic fatty (ab), 1019 
pulmonary venous air, in hyaline membrane dis- 
ease, 538 
EMBOLIZATION, selective arterial; control of renal 
hemorrhage by, 300 
selective arterial, for control of massive upper 
gastrointestinal bleeding, 119 
EMI seanser, localization with, 961 
EMPHYSEMA, infantile lobar; congenital avalvular 
pulmonary artery and: diagnostic correla- 
tion, 412 
subcutaneous, soft tissues; perforated viscus pre- 
senting with gas in, 226 
EmpuyseMATOous cholecystisis: report of 2 cases (ab), 
IOIQ 
Enposcopy and radiology in acute upper gastroin- 
testinal hemorrhage, comparative study 
between (ab), 282 
correlation with: diagnostic accuracy of barium 
studies of stomach and duodenum (ab), 508 
Enema. barium, examination; electronic anaksphinc- 
ter: preliminary communication, 240 
ENTERGLITHIASIS in newborn: calcified intraluminal 
meconium in newborn males with imper- 
forate anus, 449 
EsopHAGEAL diverticulum and left vocal cord paresis 
due to mediastinal fibrosis; new syndrome 
of, 193 
moniliasis: review of common and less frequent 
characteristics, 218 
strictures, congenital, due to cartilaginous rings 
(ab), 758 
EsopuHasus, anomaly: tracheal agenesis, 767 
Crohn’s disease of, 359 
reconstructed, 864 
Excrerory urography, infusion; evaluation of pelvic 
masses during, 60 
ExTRAPELVIC spread of disease, pathways of; ana- 
tomic-radiologic correlation, 900 


(“Ferus, flying”), transverse lie; persistent hyperex- 
tension of neck in breech (“‘star-gazing 
fetus”) and in: indication for cesarean sec- 
tion, 447 

“star-gazing,” breech, and in transverse lie 
(“flying-fetus’’); persistent hyperextension 
of neck in: indication for cesarean section, 
447 

FEVER, typhoid; roentgenographic findings in, 198 

Fisrosis, mediastinal; new syndrome of left vocal 
cord paresis and esophageal diverticulum 
due to, 193 


1026 


Fitms, small-size rapid cassette changer; angiocar- 
diography with, 259 | 
FisruLas, Cimino-Bresciag angiographic features of, 
582 
FOREARM, in children; roentgen recognition of acute 
plastic bowing of, 524 
ForESTIER’S disease with extraspinal manifestations: 
diffuse idiopathic skeletal hyperostosis 
(DISH) (ab), 514 
FRACTURES, complication: roentgen recognition of 
acute plastic bowing of forearm in children, 
524 
Monteggia (ab), 760 
Funct: roentgenology of sporotrichosis, 651 
GALLBLADDER disorders, roentgen-anatomic study of 
colonic manifestations of; cholecysto-colic 
relationships, 21 
Ga.iium gallbladder scanning in cholecystitis (ab), 
765 
scanning as screening test for inflammatory le- 
sions (ab), 765 
GALLSTONE ileus: importance of contrast examina- 
tions in roentgenographic diagnosis, 374 
GANGLIONEUROMA and neuroblastoma, mediastinal; 
differentiation between primary and sec- 
ondary involvement on chest roentgeno- 
e gram, 380 
arteriographic manifestations of (ab), 283 
Gas in soft tissues (subcutaneous emphysema); per- 
forated viscus presenting with, 226 
Gastric rugal folds; practical significance of, 172 
surgery; yeast bezoar formation following, 365 
GASTROINTESTINAL hemorrhage, acute upper; com- 
parative study between endoscopy and ra- 
diology in (ab), 282 
manifestations of muscular dystrophies; review 
of roentgen findings, 948 
massive upper, bleeding; selective arterial em- 
bolization for control of, 119 
tract, bleeding: polyvinyl alcohol (ivalon): new 
embolic material, 609 
GENITOURINARY anomalies associated with Klippel- 
Feil syndrome (ab), 759 
GIARDIASIS; Current perspectives on, 207 
GLIOBLASTOMA multiforme, multicentric and isolated 
multifocal; simulating metastatic disease 
(ab), 758 
GLIOBLASTOMAS, treatment of inoperable; using 
combination of adramycin, VM 26 and 
CCNU (ab), 758 
Griiomas, brainstem; efficacy of brain scan in diag- 
nosis of (ab), 764 
GranuLomarTosis, Wegener’s, limited form of, in 
ulcerative colitis, 127 
Gray scale ultrasound diagnosis of obstructive biliary 
disease, 47 


HEART, congenital anomaly: congenital avalvular 
pulmonary artery and infantile lobar em- 


Subject Index to Volume 125 


DECEMBER, 1975 


physema; diagnostic correlation, 412 
congenital anomaly: Ebstein’s anomaly of tri- 
cuspid valve; critical review of roentgeno- 
logical features and additional angiographic 
signs, 395 
defects, congenital; association of scoliosis and 
(ab), 760 
valves: orifice-view roentgenography for evalua- 
tion of aortic valve, 847 
valves: orifice-view roentgenography of mitral 
valve, 854 
HEMANGIOENDOTHELIOMA, thorium induced hepatic; 
roentgen-angiographic findings in two addi- 
tional cases with clinical “inform and con- 
sent” problems, 671 
HEMANGIOMA, Cavernous, of kidney, 682 
Hemanciomas and lymphangiomas, clinical mani- 
festations and radiotherapy of: pathology 
and histology (ab), 289 
renal; analysis of 13 cases diagnosed by angiog- 
raphy, 788 
symptomatic vertebral (ab), 284 
HEMANGIOPERICYTOMAS, intracranial; angiography, 
pathology and differential diagnosis, 823 
HEMODIALYSIS, renal osteodystrophy in patients on: 
as reflected in bony pelvis, 352 
HEMOPHILIA, nephromegaly in (ab), 282 
HEMORRHAGE, renal, control of; by selective arterial 
embolization, 300 
submucosal, of renal collecting system, 311 
Hepatic echography, 51 
HepatoGRaApuy by intra-arterially injected iodized 
oil emulsion (ab), 509 
HEpPATOMA, minimal deviation: new entity, 184 
HICKEY LECTURE, 1975: guide to intra-abdominal 
pathology; anatomy of colon, 3 
Hitum; radionuclide studies in bronchogenic carci- 
noma of: scintigraphy and tomography; 
their complementary features, 640 
Hip, bizarre stiff: possible idiopathic chondrolysis 
(ab), 285 
joints, artificial; roentgenological changes due 
to displacement of alloplastic materials of 
(ab), 285 
HyprocaRBON ingestion; pneumatoceles as com- 
plication of chemical pneumonia after, 531 
HypEREXTENSION of neck, persistent, in breech 
(“‘star-gazing fetus”) and in transverse lie 
(“fying fetus”); indication for cesarean 
section, 447 
Hyperostosis, porotic; paleoepidemiology of, in 
American southwest: radiological and eco- 
logical considerations, 918 
HYPERTROPHY, compensatory renal, after treatment 
for Wilms’ tumor, 348 


123] _HIPPURAN and gamma camera: measurement of 
individual renal plasma flows using (ab), 
290 


VoL. 125, No. 4 


ILEocoLonic perforation; complication fcllowing 
renal transplantation, 723 
ILEUs, gallstone: importance of contrast examina- 
tions in roentgenographic diagnosis, 374 
Iu1ac artery blood flow, external, in patients with 
arteriosclerosis obliterans, 437 
IMPERFORATE anus; calcified intraluminal meconium 
in newborn males with: enterolithiasis in 
newborn, 449 
INFANTILE lobar emphysema; congenital avalvular 
pulmonary artery and: diagnostic correla- 
tion, 412 
INFUSION excretory urography; evaluation of pelvic 
masses during, 60 
INTERURETERIC ridge, radiologic features of, 688 
INTESTINAL perforation as complication of neonatal 
small left colon syndrome, 75 
INTESTINE, diseases: barium findings in retrograde 
intussusception, 717 
obstruction: gallstone ileus; importance of con- 
trast examinations in  roentgenographic 
diagnosis, 374 
perforation; ileocolonic perforation: complica- 
tion following renal transplantation, 723 
InrRATHORACIC kidney, 678 
INTUSSUSCEPTION, retrograde; barium findings in, 
717 
IonizeD oil emulsion; hepatography in intra-arterially 
injected (ab), 509 
IoniziNG radiations; new special names of SI units 
in field of, 492 
IRRADIATION, analysis of sites and causes of failures 
of: in invasive squamous cell carcinoma of 
intact uterine cervix (ab), 762 
palliative, for liver metastases (ab), 761 
total-lung, in treatment of pulmonary metas- 
tases (ab), 762 
IscHEMIA, nonocclusive mesenteric; experimental use 
of prostaglandin E; in, 99 
(Ivaton), polyvinyl alcohol; new embolic material, 
609 


JEJUNOILEAL bypass: roentgenographic observations, 
138 


KIDNEY, anatomy: medullary rays; visualization 

during excretory urography, 795 

bed, tomography of; as aid in differentiating 
renal pelvic tumor and stone, 331 

calculus: tomography of kidney bed as aid in 
differentiating renal pelvic tumor and stone, 
331 

cavernous hemangioma of, 682 

hemorrhage: control of renal hemorrhage by 
selective arterial embolization, 300 

hemorrhage: submucosal hemorrhage of renal 
collecting system, 311 


Subject Index to Volume 125 


1027 


hypertrophy: compensatory renal hypertrophy 
after treatment for Wilms’ tumor, 348 
intrathoracic, 678 © 
natural history of upper renal] tracts in adults 
following uretero-ileal diversion (Bricker 
procedure), 804 
rena. hemangiomas; analysis of 13 cases diag- 
nosed by angiography, 788 
transplantation; ileocolonic perforation: com- 
plication following renal transplantation, 
723 
veim: circumaortic renal collar; potentially haz- 
ardous anomaly of left renal vein, 307 
venous thrombosis: specificity of renal vein 
thrombosis, 291 
Kuippet-FEIL syndrome; genitourinary anomalies 
associated with (ab), 759 
Knrest syndrome with mucopolysacchariduria; skel- 
etal abnormalities in, 731 


LARYNX, stenosis: roentgenologic investigation of 
congenital subglottic stenosis, 877 
Lesrons, expansile, of spleen; angiography in, 81 
LeuKem1a, chronic granulocytic: effect of elective 
splenectomy on course of disease (ab), 287 
Lipocatcinosis, tumoral (ab), 1021 
Liver, diliary system, and portal circulation; trans- 
jugular approach to, 602 
biodsy: transjugular approach to liver, biliary 
system, and portal circulation, 602 
Grey scale ultrasound diagnosis of obstructive 
biliary disease, 47 
hepatic echography, 51 
me-astases: palliative irradiation for (ab), 761 
necplasm; thorium induced hepatic hemangio- 
endothelioma: roentgen-angiographic find- 
ings in two additional cases with clinical 
“inform and consent” problems, 671 
rupture, spontaneous, hepatic cell adenomas, 
and oral contraceptives (ab), 511 
-sp.een scintigraph: manifestations of diaphrag- 
matic and juxtadiaphragmatic diseases in 
(ab), 289 
Lune, cancer of; long survival after operation for 
(ab), 507 
carcinoma: radionuclide studies in bronchogenic 
carcinoma of hilum; scintigraphy and to- 
mography: their complementary features, 
640 
corgenital avalvular pulmonary artery and in- 
fantile lobar emphysema; diagnostic corre- 
lation, 412 
drcwing; another plunge, 543 
embolism: evaluation of method for quantifying 
angiographic severity of major pulmonary 
embolism, 895 
granular cell myoblastoma of, 890 
pulmonary edema and continuous positive pres- 


1028 


sure breathing (CPPB), 549 
pulmonary venous air embolism in hyaline 
membrane diseage, 538 
varices: various forms of pulmonary varices; re- 
port of three new cases and review of litera- 
ture, 881 
Lympu node biopsy, percutaneous retroperitoneal; 
feasibility study for, 234 
LyMPHANGIOGRAPHY in chylothorax; role of: report 
of six nontraumatic cases, 617 


Matpicu1an body marginal sinus circulation in 
spleen trauma, contrast material opacifica- 
tion of; “starry night” splenic angiogram, 
gI 

MAMMOGRAPHY: xerographic manifestations of male 
breast disease, 656 

MANDIBLE, occult osteomatous changes in; in pa- 
tients with familial polyposis coli (ab), 513 

Masses, pelvic-abdominal, tomography of; during 
intravenous urography: added dimension, 
322 

pelvic, during infusion excretory urography; 
evaluation of, 60 

MeconivuM, calcified intraluminal, in newborn males 

with imperforate anus: enterolithiasis in 
e newborn, 449 

MEDIASTINAL fibrosis; new syndrome of left vocal 
cord paresis and esophageal diverticulum 
due to, 193 

MEDIASTINUM: mediastinal neuroblastoma and gan- 
glioneuroma; differentiation between pri- 
mary and secondary involvement on chest 
roentgenogram, 380 

Meprivum, contrast, new, for cholangiocholecystog- 
raphy: meglumine iodoxamate, 251 

MeEpDULLARY rays, visualization during excretory 
urography, 795 

MEGLUMINE iodoxamate; new contrast medium for 
cholangiocholecystography, 251 

MEsENTERIC angiography of non-tropical sprue, 442 

ischemia, nonocclusive; experimental use of 
prostaglandin E; in, 99 

METASTASES, carcinoma; accuracy of °™"Tc-diphos- 
phonate bone scans and roentgenograms in 
detection of prostate, breast and lung, 972 

cardiac and pericardial: radiation therapy of 
(ab), 288 

Metastasis, pelvis: pathways of extrapelvic spread 
of disease; anatomic-radiologic correlation, 
goo 

Merastaric disease; multicentric and isolated multi- 
focal glioblastoma multiforme simulating 
(ab), 758 

METEOROLOGICAL conditions, influence of, on occur- 
rence of spontaneous pneumothorax (ab), 
507 

Microcnatuia and rhizomelic chondrodysplasia at 
birth with subsequent normal growth; 


Subject Index to Volume 125 


DECEMBER, 1975 


Weissenbacher-Zweymuller syndrome of, 
936 

Mricrorapioscopy of hand bones; improved roent- 
genologic diagnosis of osteomalacia by, 925 

Mirrat valve; orifice-view roentgenography of, 854 

MonIziasis, esophageal: review of common and less 
frequent characteristics, 218 

Monreccra fractures (ab), 760 

MucopotysaccHARIDURIA; skeletal abnormalities in 
Kniest syndrome with, 731 

Mye toma, multiple; radiation therapy in (ab), 288 

multiple; unusual roentgenographic presenta- 

tions of: report of three cases (ab), 759 

Myostastoma, granular cell, of lung, 890 


Necrosis, avascular, of proximal end of dens; com- 
plication of halo-pelvic distraction (ab), 514 

NEONATAL small left colon syndrome; intestinal per- 
foration as complication of, 75 

NEPHROMEGALY in hemophilia (ab), 282 

NERVOUS SYSTEM, CENTRAL; schwannomas of, 692 

use of xeroradiography in investigation of dis- 

eases occurring in, 662 

NEuRITIS, optic; neuroradiologic evaluation of, 702 

NEUROBLASTOMA and ganglioneuroma, mediastinal; 
differentiation between primary and sec- 
ondary involvement on chest roentgeno- 
gram, 380 

NeEuRORADIOLOGIC evaluation of “optic neuritis,” 
702 

NeEwBoRN males with imperforate anus; calcified in- 
traluminal meconium in: enterolithiasis in 
newborn, 449 

Nope, lymph, biopsy, percutaneous retroperitoneal; 
feasibility study for, 234 

Nobu te, solitary pulmonary; ten-year follow-up of 
Veterans Administration-Armed Forces co- 
operative study (ab), 507 


Optic neuritis; neuroradiologic evaluation of, 702 

OsTEOBLASTOMA, benign; possibilities and limita- 
tions in radiographic diagnosis of (ab), 1020 

OsTEOCHONDRITIS dissecans in Legg-Calvé-Perthes 
disease (ab), 760 

OsTEODYSTROPHY, renal, in patients on hemodialysis 
as reflected in bony pelvis, 352 

OsTEOGENIC sarcoma: improvement in results of 
treatment of (ab), 763 

OstTEoID-osteoma; diagnostic problems (ab), 286 

OsTEOMALACIA, improved roentgenologic diagnosis 
of; by microradioscopy of hand bones, 925 

OSTEOMYELITIS, pseudomonas, following puncture 
wounds in children (ab), 759 


PALEOEPIDEMIOLOGY of porotic hyperostosis in Amer- 
ican southwest: radiological and ecological 
considerations, 918 

PANCREAS, cystadenoma of (ab), 510 

percutaneous aspiration biopsy of: under ultra- 
sonic guidance (ab), 766 
pseudocysts of: review of 71 cases (ab), 511 


Voi. 125, No. 4 


transarterial electrocoagulation therapy of pseu- 
doaneurysm in head of, 422 
PaNcREATIC, axial, and supine translateral views: 
prospective statistical study; comparative 
detection of pancreatic body-tail enlarge- 
ment using, 143 
pseudocysts, natural and unnatural history of 
(ab), 508 
PANCREATITIS and battered child syndrome: report 
of 2 cases with skeletal involvement, 456 
chronic: clinical and progressive study of 102 
cases of (ab), 511 
PARATHYROID scanning, experience In, 634 
Paresis, left vocal cord and esophageal diverticulum 
due to mediastinal fibrosis; new syndrome 
of, 193 
Petvic-abdominal masses, tomography of; during in- 
travenous urography: added dimension, 322 
masses during infusion excretory urography; 
evaluation of, 60 
PELVIMETRY: utilization and efficacy of, 66 
Petvis, bony; renal osteodystrophy in patient on 
hemodialysis as reflected in, 352 
mass: lateral displacement of bladder, 337 
masses: tomography of pelvic-abdomina! masses 
during intravenous urography; added di- 
mension, 322 
Peptic ulcer: bleeding marginal ulcer; catheteriza- 
tion diagnosis and therapy, 812 
PERCUTANEOUS retroperitoneal lymph node biopsy; 
feasibility study for, 234 
transheptic cholangiography; problems in in- 
terpretation, 35 
PERFORATION, ileocolonic; complication following 
renal transplantation, 723 
intestinal, as complication of neonatal small left 
colon syndrome, 75 
PERIPHERAL vascular perfusion scanning; correlation 
with arteriogram and clinical assessment in 
patient with peripheral vascular disease, 
628 
PERITONEAL sac, lesser; benign, solitary schwannomas 
of, 391 
PERITONEUM, lesser sac: benign solitary schwannomas 
of lesser peritoneal sac, 391 
PHLEBOGRAPHY, peripheral, with Tc? (ab), 2 
PLEURAL effusion, malignant; accumulation of °™Tc- 
diphosphonate in; detection and verifica- 
tion (ab), 1021 
effusion, role of lymphangiography in chylo- 
thorax; report of six nontraumatic cases, 
617 
PNEUMATOCELES as complication of chemica’ pneu- 
monia after hydrocarbon ingestion, 531 
Pneumonia, chemical, after hydrocarbon ingestion: 
pneumatoceles as complication of, 531 
PNEUMOTHORAX complicating pulmonary emphysema 
(ab), 1018 
spontaneous; influence of meteorological condi- 
tions on occurrence of (ab), 507 
Potyposis cout, familial; occult osteomatous changes 


Subject Index to Volume 125 1029 


in mandible in patients with (ab), 513 
PotyvinyL alcohol (ivalon); new embolic material, 
609 $ 
Porrat circulation, liver and biliary system; trans- 
jugular approach to, 602 
vem and its tributaries; technique and complica- 
tions of transumbilical catheterization of, 
431 
PROSTAGLANDIN F; in nonocclusive mesenteric isch- 
emia; experimental use of, 99 
Fa; Superior mesenteric angiography and blood 
flow following intra-arterial injection of, III 
Prostar, carcinoma of; rectal and sigmoid involve- 
ment secondary to, 910 
PROSTHETIC sphincter, new, for treatment of urinary 
incontinence; roentgenologic evaluation of, 
479 
PsEUDOANEURYsM in head of pancreas; transarterial 
electrocoagulation therapy of, 422 
PseEupocysts of pancreas; review of 71 cases (ab), 
gii 
parcreatic; natural and unnatural history of 
(ab), 508 
PsEUDomoNAs osteomyelitis following puncture wounds 
in children (ab), 759 
PuLmonary and articular sporotrichosis; report of 
two cases (ab), 1019 
artery, congenital avalvular, and infantile lobar 
emphysema; diagnostic correlation, 412 
edema and continuous positive pressure breath- 
ing (CPPB), 549 
embolism, major; evaluation of method for 
quantifying angiographic severity of, 895 
emphysema; pneumothorax complicating (ab), 
1018 
metastases; total-lung irradiation in treatment 
of (ab), 762 
nodule, solitary; ten-year follow-up at Veterans 
Administration-Armed forces cooperative 
study (ab), 507 
varies, various forms of; report of three new 
cases and review of literature, 881 
venous air embolism in hyaline membrane dis- 
ease, 538 
PYELONEPHRITIS (X-P), xanthogranulomatous; new 
thoughts concerning, 154 


RADIATION therapist’s responsibility; informed con- 
sent and (E), 740 
therapy in multiple myeloma (ab), 288 
therapy of cardiac and pericardial metastases 
(ab), 288 
RapioGrapuic diagnosis of benign osteoblastoma; 
possibilities and limitations in (ab), 1020 
findings in Larsen’s syndrome (ab), 1020 
RADIOLOSIC-anatomic correlation; pathways of ex- 
trapelvic spread of disease, goo 
diagnosis; dissecting aneurysm of thoracic aorta: 
reappraisal of, 559 
features of interureteric ridge, 688 
RapioLosIcaL and ecological considerations: paleo- 


1030 


epidemiology of porotic hyperostosis in 
American southwest, 918 
evaluation by air myelography and tomography; 
incomplete, false, and true diastemato- 
myelia (ab), 761 
RapIOLocy in acute upper gastrointestinal hemor- 
rhage, comparative study between endos- 
copy and (ab), 282 
RADIONUCLIDE studies in bronchogenic carcinoma of 
hilum; scintigraphy and tomography: their 
complementary features, 640 
RADIOTHERAPY, Clinical manifestations and: of he- 
mangiomas and lymphangiomas; pathology 
and histology (ab), 289 
Rectum, canine; non-contractile movement of tan- 
talum powder in, 244 
rectal and sigmoid involvement secondary to 
carcinoma of prostate, 910 
REFLUX, vesicoureteral, in adults, 314 
Rena collar, circumaortic; potentially hazardous 
anomaly of left renal vein, 307 
collecting system; submucosal hemorrhage of, 
311 
cysts, percutaneous management of; results of 
four-year study (ab), 512 
hemangiomas; analysis of 13 cases diagnosed by 
angiography, 788 
hemorrhage, control of; by selective arterial em- 
bolization, 300 
hypertrophy, compensatory, after treatment for 
Wilms’ tumor, 348 
osteodystrophy in patients on hemodialysis as 
reflected in bony pelvis, 352 
pelvic tumor and stone; tomography of kidney 
bed as aid in differentiating, 331 
plasma flows using ™I-hippuran and gamma 
camera: measurement of individual (ab), 
290 
stone, residual (ab), 512 
tracts, upper; natural history of: in adults fol- 
lowing uretero-ileal diversion (Bricker pro- 
cedure), 804 
transplantation, complication following: ileo- 
colonic perforation, 723 
transplants, arteriography of (ab), 512 
vein, left, potentially hazardous anomaly of; 
circumaortic renal collar, 307 
vein thrombosis, specificity of, 291 
RETROPERITONEAL, percutaneous, lymph node biopsy; 
feasibility study for, 234 
-pseudo gas in rupture of aneurysm of abdominal 
aorta, 134 
RoENTGEN-anatomic study of colonic manifestations 
of gallbladder disorders; cholecysto-colic re- 
lationships, 21 
-angiographic findings in two additional cases 
with clinical “inform and consent” prob- 
lems; thorium induced hepatic hemangio- 
endothelioma, 671 
findings, review of; gastrointestinal manifesta- 
tions of muscular dystrophies, 948 


Subject Index to Volume 125 


DECEMBER, 1975 


recognition of acute plastic bowing of forearm in 
children, 524 
RoENTGENOGRAM, chest; differentiation between pri- 
mary and secondary involvement on: medi- 
astinal neuroblastoma and ganglioneuroma, 
380 
ROENTGENOGRAMS, accuracy of *™Tc-diphosphonate 
bone scans and; in detection of prostate, 
breast and lung carcinoma metastases, 972 
RoENTGENOGRAPHIC diagnosis, importance of con- 
trast examinations in: gallstone ileus, 374 
entity, distinct clinical and; transient post- 
vagotomy dysphagia, 956 
features of mushroom (amanita) poisoning, 782 
findings in typhoid fever, 198 
observations; jejunoileal bypass, 138 
presentations, unusual, of multiple myeloma: 
report of three cases (ab), 759 
RoENTGENOGRAPHY, chest, as window to diagnosis of 
Takayasu’s arteritis, 842 
orifice-view, of mitral valve, 854 
orifice-view, for evaluation of aortic valve, 847 
RoENTGENOLOGIC changes due to displacement of 
alloplastic materials of artificial hip joints 
(ab), 285 
diagnosis, improved, of osteomalacia by micro- 
radioscopy of hand bones, 925 
evaluation of new prosthetic sphincter for treat- 
ment of urinary incontinence, 479 
features and additional angiographic signs, 
critical review of; Ebstein’s anomaly of tri- 
cuspid valve, 395 
investigation of congenital subglottic stenosis, 
877 
RoENTGENOLOGY of sinus of Valsalva aneurysms, 571 
of sporotrichosis, 651 
Rveat folds, gastric; practical significance of, 172 
Rupture of aneurysm of abdominal aorta; pseudo- 
retroperitoneal gas in, 134 


SI units in field of ionizing radiations; new special 
names of, 492 
SARCOMA, osteogenic; improvement of results of 
treatment of (ab), 763 
Scan, brain, in diagnosis of brainstem gliomas; effi- 
cacy of (ab), 764 
Scanner, EMI; localization with, 961 
ScaNnnING, bone; detection of craniosynostosis by 
(ab), 764 
gallium, as screening test for inflammatory le- 
sions (ab), 765 
gallium gallbladder, in cholecystitis (ab), 765 
parathyroid; experience in, 634 
peripheral vascular perfusion; correlation with 
arteriogram and clinical assessment in pa- 
tient with peripheral vascular disease, 628 
ultrasonic; residual urine determination by, 474 
whole body transmission-emission, with whole 
body camera, 978 
Scans, bone; significance of renewal asymmetry in: 
experience in 795 cases (ab), 764 


Vor. 125, No. 4 


preoperative bone: use in women with early 
breast cancer (ab), 1021 
*°™'T'c-diphosphonate bone, and roentgenograms 
in detection of prostate, breast and lung 
carcinoma metastases; accuracy of, 972 
SCHWANNOMAS, benign, solitary, of lesser peritoneal 
sac, 391 
of central nervous system, 692 
SCIENTIFIC EXHIBITS; American Roentgen Ray So- 
ciety, 984 
SCINTIGRAPHY of skeleton, marrow reticuloendothelial 
system, and proliferative tissue; bone tumor 
imaging by, 965 
ScoLiosis and congenital heart defects; association of 
(ab), 760 
SELLA TURCICA: significance of dural supply from 
carotid siphon, 816 
SEVENTY-SIXTH ANNUAL MEETING of American 
Roentgen Ray Society (E), 982 
Sicmorp and rectal involvement secondary to carci- 
noma of prostate, 910 
SINUS circulation, malpighian body marginal, con- 
trast material opacification of; “starry 
night” splenic angiogram, g1 
of Valsalva aneurysms; roentgenology of, 571 
SITUS INVERSUS, abdominal; arteriographic mani- 
festations of, 427 
SKELETAL abnormalities in the Kniest syndrome with 
mucopolysacchariduria, 731 
hyperostosis, diffuse idiopathic (DI SH) :Forestier’s 
disease with extraspinal manifestations 
(ab), 514 
involvement, report of 2 cases with: pancreatitis 
and battered child syndrome, 456 
SKELETON, marrow reticuloendothelial system, and 
proliferative tissue; bone tumor imaging by 
scintigraphy of, 96s 
SKULL, injury: unusual foreign bodies associated with 
cranial trauma, 839 
SONOGRAPHY and arteriography, complementary role 
of, in management of uterine choriocarci- 
noma, 462 
SPHINCTER, anal, electronic, stimulation in barium 
enema examination: preliminary communi- 
cation, 240 
new prosthetic, for treatment of urinary incon- 
tinence; roentgenologic evaluation of, 479 
SPINAL cord, anomaly: tethered conus, 515 
SPLEEN; angiography in expansile lesions of, 81 
trauma; contrast material opacification of mal- 
pighian body marginal sinus circulation in; 
“starry night” splenic angiogram, 91 
SPLENECTOMY, effect of elective, on course of disease: 
chronic granulocytic leukemia (ab), 287 
SPLENIC angiogram, “starry night”: contrast ma- 
terial opacification of malpighian body mar- 
ginal sinus circulation in spleen trauma, gI 
SPOROTRICHOSIS, pulmonary and articular: report of 
two cases (ab), 1019 
roentgenology of, 651 
SPRUE, non-tropical; mesenteric angiography of, 442 


Subject Index to Volume 125 


1031 


STENOSIS, congenital subglottic; roentgenologic in- 
vestigation of, 877 
Stomacrk and duodenume diagnostic accuracy of 
barium studies of: correlation with endos- 
copy (ab), 508 
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If you think its out of reach... 





Since its introduction by EMI, computerized tomog- 
aphy (CT) has been acclaimed as the most significant 
idvance in radiology since the discovery of x-rays. Yet, as 

«vith any new technology, experience has shown the need to 
make CT better fit the working needs of the radiologist, and 
: to bring advanced CT technology within 
à. reach of more radiology departments. 
Syntex is no stranger to “systems 
| design” By making the computerized 
system easier for scientific researchers 
to use, Syntex has become the world’s 
leading supplier of precision x-ray 
equipment for probing the structure of 
the molecule. So, when we began to develop 
an advanced computerized tomography system, we kept 
the needs of radiologists in mind. 

Here’s why we believe Syntex’ System 60 now meets 
your needs better than first-generation CT equipment could: 
Faster Scanning: System 60 lets you examine a patient in just 
ten minutes, so you can examine more patients as the use of 
CT expands. Improved Image Content: System 60 collects 
more data points while scanning than previous equipment, 
giving you better spatial resolution. Flexible Data Handling: 
System 60 puts your patient scans on diskettes which can be 
conveniently taken to your office or viewing room. You read 
scans on an independent console you can locate wherever you 
choose. Modular Design: As new programs and techniques 
become available through Syntex, they can easily be inte- 
grated into System 60. Each function is discrete; you are not 
inflexibly wired into the present “state of the art? More Real- 
istic Cost: Substantially lower initial cost and reduced cost 
per patient scan combine to make System 60 an investment 
in computerized tomography worth investigating. 

We think you'll want to hear more about our “down-to- 
earth” approach to computerized tomography. 
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Syntex brings it down to earth. 
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If you'd like more down-to-earth information about our 
System 60 approach to computerized tomography, call us or 


contact your local representative of Syntex Medical Systems. 


SYNTEXMEDICALSYSTEMS 


TADAN Buthh Raad Ciunertinn California 95014 (408) 257-7100 
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RADX triacetate film holders 


Ordinary PVC film holders | 
give you a Clear view. 


cloud the image. 


“ie, f i 
` y 


RADE film holders give you 
dear viewing, moximum 


_ protection Jong term storage 


Why obscure your view of Sherry — or your spot RADX Film holders are available in: 


films and nuclear medicine studies? Since all RADX 35 mm size, 5” x 8” (3 rows of 5 frames) 
film holders are made of heavy-gauge, high-quality 70 mm size, 14” x 17” (5 rows of 5 frames) 
triacetate, you get the true picture. No distortion. and 81⁄2" x 10⁄2" (3 rows of 3 frames) 
No dirty or scratched films. No chemical reaction 90 mm size, 14” x 17” (4 rows of 3 frames) 
between film and holders. Spot films are easy 105 mm size, 14” x 17” (3 rows of 4 frames) 
to insert — and they stay put for instant display or 


easy filing To make up shorter studies, sheets may be cut be- 
tween the rows with an Ordinary pair of scissors. 

Since RADX holders are manufactured only of high RADX film holders are available in 100 sheet 

quality triacetate material, long-term storage will not cartons or 500 sheet cases. 

cause deterioration of your valuable films through : 

the chemical reaction ae by the iasticisers See for yourself. Call or write RADX for free 

present in polyvinyl chloride plastic sheets used in Sample — just tell us your fiim size. RADX 

other film holders. But the big difference is clear, 713/468-9628. 

easy, distortion-free viewing. P.O. BCX 19164, HOUSTON, TEXAS 77024 
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New blue-emitting screens that 








and still deliver excellent 


Du Pont announces Cronex? Quanta II blue- 
emitting intensifying screens that enable radiologists 
to increase the relative speed of imaging systems 
while still achieving excellent diagnostic clarity. These 
new screens are based on barium fluorochloride 


phosphor technology developed by Du Pont research. 


Maximum Convenience for Imaging Requirements 


Quanta II screens are fully compatible with 
the Du Pont family of quality films as well as all other 
conventional films. There is no need to purchase 
special films to realize increased speed. 

Because of this compatibility, you can now 
have a wide selection of system speeds and be 
assured of maximum convenience and flexibility in 
meeting your imaging requirements. Here are just a 


few of the film/screen combinations now available: 


Imaging 
Requirement 


High Speed 


Improved 
Diagnostic Clarity 
at Conventional 
Speed 


High Speed with 
Excellent 
Visualization of 
Bone Detail and 
Soft Tissue 


Film/Screen 


Cronex ° 4/ Quanta ll 


Cronex? 7/ Quanta || 


Cronex* 6 Plus 
Quanta || 


Results 


Twice the speed of 
Cronex® 4/Hi-Plus. 
Excellent diagnostic 
clarity. 


Low Haze. Low noise. 
Clarity like Cronex’ 


2DC but with 90- 


second processing. 
Speed equal to 
Cronex’? 4/Hi-Plus. 


Superb low-density 4a 
contrast. Extended 
recording range. 
Twice the speed of 
Cronex“ 4/Hi-Plus. 


can increase system speeds 


diagnostic clarity. 


? 
Excellent Diagnostic Clarity 


Quanta II screens provide diagnostic clarity 
similar to Cronex* Hi-Plus. The increased speed 
means there is less chance of blurred images 
caused by patient motion. In addition, since smaller 
focal spots can be used, Quanta II is ideal for 
specialized procedures such as magnification 
angiography. 


Lower Operating Costs 


Quanta II screens are reasonably priced and 
can help reduce operating costs in Radiology 
Departments. Their increased speed means less 
tube load so that X-ray equipment will last longer. 
You can even consider lower-powered, less costly 
generators. And, because Quanta II screens are 


blue-emitting, no special safelights are required. 
To learn more about these new high-speed, 
blue-emitting screens, ask your Du Pont Technical 








Representative for a free demonstration of 


Quanta ll— today’s 


screen for tomorrow's needs. 
Or, write Du Pont Company, Room 24784, 


Wilmington, Delaware 19898. 
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In a world of 





look alikes, 
the GE 400 





film processor 
Stands alone. | 


Only the full size GE 400 fully 
automatic film processor is a 
second-effort performer. Dual 
systems (2 developer heaters, 2 
thermostats, 2 dryer heaters and 
fans) offer back-up performance 
which maintains film processing 


Capability and minimizes downtime 


due to component failures. 


Proven performance factor: 
99.14% 

A GE 400 processor on duty 

24 hours a day for a full yearin 

the emergency room of a large 
metropolitan hospital, logged over 
8,760 operational hours with only 
14 hours total downtime. That's 
99.14% around-the-clock 
performance. 


eae 


Top and sides lift away for 
instant-access cleaning and 
maintenance. Crossovers and 
new silicone rollers wipe clean 





without scrubbing. Electrical 
components are isolated fromt 
corrosive environment. Dryer 
rack and components are 
removable in minutes, if necese 


The GE processor senses both 
film length and width, to help 
ensure consistent film quality, 
and a savings in chemistry. Two 
other significant economies: 
water savings as much as 75 
gallons per hour in the stand-byë 
mode; a price tag of as much agi 
$3000 under some competitors% 


Let your GE representative prov 
that in a world of look alikes, the 
GE 400 film processor stands 
alone. Get in touch. We listen. w 
work with you, and we respond. 
Look for the commitment behine 
the equipment. 


General Electric Medical Systern 
Milwaukee, Toronto, Madrid 


96 features 
prove it. 


GENERAL @@ ELECTRIC 


IEMENS 


OPATIMAIS Generators 





siemens Optimatic generators are the first 

‘-ray systems with designed-in serviceability. 

\ three-part program helps you get the most from 
vour X-ray equipment and keep it operating. 


siemens Optimatic generators are equipped 
with an Automatic Fault Finder that tells when 
your X-ray eqttipment is functioning normally. 
t also provides an easy way to discover what is 
nrong whenever faults occur. In the event of 
nalfunctions, the Automatic Fault Finder, built 
nto the control cabinet, helps pinpoint the 
sroblem. No time-consuming and complicated 
sircuit tests and measurements are needed. 
Repair work can be started immediately. 


Finding a fault is one thing. Having the parts to 
correct it is another. Siemens technicians are 
equipped with Service Support Kits containing 
all of the most frequently used parts. 


In addition, Siemens service technicians carry 
complete Microfilm Case Histories of every X-ray 
system they service. These case histories 
include circuit diagrams, installation, modifi- 
cation and service records. And they are portable, 
eliminating the need to check office files for 
vital information. 


Optimatic Generators with designed-in service- 
ability. Three new service innovations from 
Siemens. Write for detailed literature. 


Siemens Corporation 


Medical Systems Division 
186 Wood Avenue South, Iselin, New Jersey 08830 (201) 494-1000. 
In Canada: Siemens Canada Limited, P.O. Box 7300, Pointe Claire 730-P.Q. 





Yesigned-in X-ray serviceability. 


A Microfilm Case History of circuit diagrams 
for a Siemens X-ray unit. 
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ymatic Fault Finder built into the A typical replacement circuit board in the 
ral generator control cabinet. Siemens Service Support Kit. 


Hunt Chemistry 


[sa 
two-way Street 


to more information 
On any film 





as E 


EE 


l ...the one way to Di 
i high contrast and maximum densities 


HUNT PREMIUM 90/90 DEVELOPER & REPLENISHER 


_ „the one way to 
~ long-medium scale contrast with low base fog 


HUNT UNIVERSAL 90 DEVELOPER & REPLENISHER 


Hunt offers X-ray departments Rely on one of the Hunt developer 
two chemical processing systems to systems to give you the results you 
reach optimum informational levels want, with the film of your choice. 
with a wide range of film emulsions Sensi-Mat Fixer is the companion fixer 
and the broadest scale of contrasts. product for these systems. 


Our ability to offer more economy is new. 
Our formula for quality is unchanged. 


Because Hunt N rising cost of film processing 
chemistry is compatible x while maintaining quality 
with a broad range of results. 


film emulsions you 
might expect it to cost 
more than other 
chemical systems which 


You get more from Hunt 
than a “money saving 
package.” Hunt chemical 
systems have a “packed 





are formulated to meet narrower formula” that will help you achieve con- 
processing requirements. In fact, now sistent, optimum results with major 
Hunt processing systems cost less than domestic and imported 90-second films. 
other national brands thanks to a new For more details contact a Hunt 
marketing program that has helped representative at one of the many 
reduce the price of our products. This Hunt branches and sales offices 


cost saving tactor plus our continuing throughout North 
policy of direct sales—from Hunt America. He has 


Chemical to you, the customer—make the facts and the 





The 

Hunt processing systems more expenence to offer | 

economical than ever before. technical assistance mage 
These are convincing reasons to as your department M k 

“buy Huntin a time when department may require. a er 


_ See Fe ie os i Photographic Industry Group 
heads and hospital administrators " | ae 
Philip A. Hunt Chemical Corporation, Palisades Park, N.J. 07650 


dare concerned with red ucing the Philip A. Hunt Company (Canada) Ltd., Toronto 














The Clinac 6X 


` Now 6 MV with a straight-through beam 


Varian is proud to announce the Clinac 6X, the first fully rotational 6 MV 
production therapy machine with a straight-through beam. 


Incorporating an advanced new accelerator structure, the Clinac 6X utilizes the 
gantry, control console and proven electronics which have made the Clinac 4 - 
the accepted standard of modern supervoltage therapy machines. Key features 
of the Clinac 6X are the design simplicity and enduring reliability which have 
come to characterize all Varian accelerators. 


The Clinac 6X is now in production. Please call or write for full information. 
Varian Radiation Division, 611 Hansen Way, Palo Alto, California 94303. 
Phone 415/493-4000. Worldwide sales and service. 


(A) varian 
radiation division 





CHARLES C THOMAS • PUBLISHER 


ARTHROGRAPHY OF THE SHOULDER: The 
Diagnosis and Management of the Lesions Visual- 
ized by Julius S. Neviaser, George Washington 
Univ. Medical School, Washington, D.C. Writing 
to encourage the use of arthrography, the author 
passes on lessons learned in performing over 
3,000 arthrographies and the knowledge of the 
anatomy of the shoulder gained at postmortem 
examinations and in the operating room. Topics 
covered include anatomy, techniques of. arthrog- 
raphy, adhesive capsulitis, ruptures of the rotator 
cuff, lesions of the biceps tendon, dislocations of 
the shoulder, fractures of the surgical neck of the 
humerus, and interesting cases. A bibliography is 
. also featured. ’75, 288 pp., 265 il, $22.50 


LYMPHOPROLIFERATIVE DISEASES com- 
piled and edited by David W. Molander, Memori- 
al Hospital for Cancer and Allied Diseases, New 
York. (23 Contributors) A compilation of the 
known facets of lymphosarcoma and related 
diseases *is presented in this volume along with 
pathologic anatomy, immune mechanisms, clini- 
cal diagnosis and treatment employing irradiation 
and chemotherapy. The use of isotopes in manag- 
ing this disease as well as in the diagnosis of 
occult foci of the disease is also covered. The 
new terminology, non-Hodgkin’s malignant 
lymphoma, is used and new pathologic designa- 
tions are included. ’75, 592 pp. (6 3/4 x 9 3/4), 
256 il. (9 in color), 45 tables, $39.50 


THE BIOLOGICAL AND CLINICAL BASIS OF 
RADIOSENSITIVITY edited by Milton Fried- 
man, Instituto Regina Elena, Rome, Italy. {35 
Contributors) To reduce the gap between labora- 
tory and clinical schools, authorities from the 
fields of radiobiology, radiation pathology, pre- 
clinical radiobiology and experimental clinical 
- radiotherapy are asked to relate their investiga- 
tions to the common denominators of radiosensi- 
tivity and chemosensitivity. Topics discussed 
include changes produced by irradiation at the 
molecular level, recovery from irradiation, fac- 
tors such as DNA strand breaks which can 
influence radiosensitivity, and clinical concepts 
of radiosensitivity such as tumor lethal dose. ’74, 
592 pp. (7 x 10), 373 il., 67 tables, $49.50 





301-327 East Lawrence Avenue e 


Orders with remittance sent, on approval, postpaid 


CORONARY ANGIOGRAPHY (2nd Ptg.) by 
Harold A. Baltaxe, Cornell Medical College, New 
York; Kurt Amplatz, Univ. of Minnesota Medical 
School, Minneapolis; and David C. Levin, Cornell 
Medical College, New York. Gross and radio- 
graphic anatomy and the diverse pathologic 
processes of the coronary artery tree are de- 
scribed in this book. A section describing equip- 
ment and different techniques of catheterization 
is included. Also included are chapters on com- 
plications, their order of frequency and postoper- 
ative complications due to new surgical proce- 
dures. ’75, 256 pp., 173 il., $22.50 


HEALTH PROTECTION OF RADIATION 
WORKERS by W. Daggett Norwood, Hanford 
Environmental Health Foundation, Richland, 
Washington. The present knowledge regarding 
the hazards to the safety and well-being of 
persons working with radiation is summarized in 
this book. Discussed are established standards for 
health, safety and environmental protection 
along with their implementation. Even though it 
is addressed primarily to physicians and nurses, 
teachers, health physicists, occupational hygien- 
ists, safety specialists, biologists and others who 
are concemed with protecting the health and 
safety of radiation workers, this book will also 
contribute to the education of the public regard- 
ing the hazards of radiation. °75, 468 pp., 16 iL, 
16 tables, $27.50 


THE FUNDAMENTALS OF RADIOLOGICAL 
SCIENCE by John Hale, Hospital of the Univ. of: 
Pennsylvania, Philadelphia. Training programs in 
radiology have recently been restructured in that 
the subject matter is now being divided into the 
two areas of basic radiological science and 
clinical applications. This text is devoted to the 
first area of basic radiology and the fundamentals 
of mathematics and physics common to all 
specialities. Chapters on such subjects as radia- 
tion-producing machines or interaction of radia- 
tion with matter are offered. With the rapidly - 
evolving technology in clinical application, stu- 
dents should have an understanding of the basic 
principles of radiology found in this text. ’74, 
356 pp., 172 il., 3 tables, $14.75 
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| believe in the direct approach 


And he’s not alone. When maximum detail is critical, direct angiography 
is the technique used by radiologists the world over. And that’s 

where Schonander Cutfilm Changers come in. Schonanders he p provide 
full-size angiograms of the highest detail. The kind of detail achieved 
only in direct, full-size angiography. 






PUCK 


Available in two basic models, Schonanders permit alternate 2xposures 3 exp./sec. 


in biplane operation. No cross-fogging. No film waste. Just the 
highest possible detail, resulting from a specially-designed, precision- 
made film compression mechanism. Unique to Schonander. 


To learn more about Schonander Cutfilm Changers, contact us or 
your local distributor. 





Schonander Cutfilm Changers 





"ama elema-schonander, inc. 
Ow, EK RON LE LUNGE 60007 - (312) 693-6770 Fg fs 
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Micro Dot 
Imager 


Even as you read this, evolution of the 
Pho/Gamma IV Scintillation Camera 
system goes on. Our product 
development engineers are in daily 
contact with working laboratories 
nationwide, And the Pho/Gamma IV 
is being continuously improved to 
meet your growing, changing needs. 


One result of this effort is 
Pho/Gamma IV’s versatility. Over the 
years, accessory adaptability has 
been expanded so that you can now 
build whole systems around the 
Pho/Gamma IV, with ease unmatched 
by any other manufacturer. You can 
integrate Pho/Gamma IV with units 
such as the Micro Dot Imager, a wide 
range of collimators, photographic 
readout equipment, display and data 


recording systems, and much more. 
Pho/Gamma IV is adaptable to new 
radioisotopes and procedures as 
you need them. 


This evolutionary process is backed 
by extensive clinical verification. For 
example, the Pho/Gamma IV was 
tested for more than twelve 
system-months, in two major 
hospitals, before it was released to 
the profession. When we release 
improvements, you can be sure 
they’re clinically significant. 


Naturally, our continuing improvement 
of instruments is augmented by 
continuing improvement of service. 
As a Searle Instrument custodian, you 
have the world’s largest nuclear 





service force at your beck and call. 
Trained, knowledgeable service is 
just minutes away. 


So if you’re considering a scintillation 
camera today, next month or next 
year, consider the Pho/Gamma IV 
system. It's continually refined, 
engineered, tested and manufactured 
with your clinical needs in mind. Your 
Searle Representative will give you 
the latest details. 


SEARLE 


Searle Radiographics Inc. 
Subsidiary of G. D. Searle & Co. 
2000 Nuclear Drive 

Des Plaines, Illinois 60018 
312-298-6600 


Offices in principal cities throughout the world 





‘be continued... 


The Lungs in 
Hodgkins Disease 


As a rule, when the lungs are involved in Hodgkin's 
disease, so are the mediastinal lymph nodes. Of the 
following examples, all but Case | followed the rule. 


CASE I: When first exam- 
ined, this twenty-year-old 
female had fever and bi- 
lateral cervical adenopa- 
thy. At this time, the roent- 
gen study of her chest 
revealed no abnormali- 
ties. Three months later, 
however, both lungs re- 
vealed changes without 
mediastinal or hilar ade- 
nopathy. 


FIG. A: 

A segment of the right 
hemithorax taken from 
this patient's original 
chest examination re- 
veals no abnormalities. 


FIG. B: 

The same segment of 
the right hemithorax (as 
demonstrated in Fig. A) 
three months later. Inter- 
stitial and vascular 
changes are dramatic. 


CASE II: A nineteen-year-old male 
with chills, fever, inguinal adenopathy 
and weight loss. 

It is not difficult to imagine that the 
infiltrates seen in Case | might have 
eventually developed a similar degree 
of parenchymal, mediastinal and pleu- 
ral involvement (arrows). 


Radiographs and caption material from the American Col- 
lege of Radiology—An Atlas of Tumor Radiology —-Year- 
book Medical Publishers, Inc. Reprints of this and subse- 
quent reports available upon request. Please write 
Eastman Kodak Compan, Dept. 740B, Radiography Mar- 
kets Division, Rochester, New York 14650. 








t j -A UME Aa oTa nt, Witty Ai and Wei 
ness. The original chest radiograph, Fig. A, reve akm 
mediastinal adenopathy, hilar adenopathy, plus ear 
bilateral parenchymal invasion. 

Six months later, Fig. B, following radiation theray 
and chemotherapy, the right hemithorax reveals p 
gressive disease with pleural invcivement (arrow 
The left hemithorax seems somewhat improved. 


MSE IV: A twenty-four-year-old female who suddenly 
>loped chills, fever, and rusty sputum. Whereas usu- 
a lung mass associated with hilar and mediastinal 
nopathy of the type seen in Fig. A suggest broncho- 
wc carcinoma, this patient's age and history favored 
ore acute process. The shaggy and irregular superior 
Bagin of the mass, the bronchial distortion and small 
ties demonstrated by body section radiography Fig. B, 
noteworthy. This proved to be Hodgkin's disease. 


4 


Diagnoses of lung problems like these ~or any other patient pre 
lem—can be capably supported or strengthened SEUI ARs 
ography, using your skills and high-quality x-ray products. 

At the left is the Kodak RP X-Omat processor, model M7A. Ti 
processor that’s designed for economy, convenience, and quis 
access to quality radiographs. 

What’s new is: it runs on cold water. You don't need a heel 

~ water supply or special mixing valve. It helps save energy, c 
_ water heating costs, and deliver high quality, ready-to-read ra 
| ographs in 2⁄2 minutes. Consistently. 

Kodak also offers a wide choice of films for your specific neeg 
—automatically processable. And the durable Kodak X-Oma mmm 

_ cassette that provides intimate sereen-film contact 

a for a high-quality image. 

| Ask your Kodak Technical Sales Representative 
for further information. Or consult your medical x-ray 
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SILVER 


IS OUR ONLY BUSINESS 


(and has been since 1937) 


IF YOU PROCESS . 
X-RAY FILM 


OUR TOTAL SILVER 
RECOVERY SERVICE 


MEANS MONEY 
TO YOUR 
DEPARTMENT. 


We Purchase 


* Outdated or damaged 
unexposed x-ray film 


A 


“¥ Exposed x-ray film 


* Silver chip, flake 
and sludge 


Write or call for full information 
(07:10 Ege) ae.) 4 
? — 323-4503 


residents call (312) 473-4800 


Mc=LROY 


INTEGRITY LEADERSHIP 


A subsidiary of AgMet., Inc. 
2730 Commonwealth 
North Chicago, Illinois 60064 











PHOSPHOTEC® 
Technetium 99m-Stannous Pyrophosphate Kit 
Phosphotec provides all the nonradioactive com 
ponents required to prepare 99™Tc-stannous pyro- 
phosphate complex. Each vial contains a sterile, 
nonpyrogenic lyophilized powder prepared from 
40 mg. tetrasodium pyrophosphate decahydrate 
(equivalent to 23.9 mg. tetrasodium pyrophosphate) 
and 1.0 mg. stannous fluoride; pH is adjusted with 
sodium hydroxide or hydrochloric acid. The prod- 
uct does not contain a preservative. At the time of 
nanufacture, the air in the vials is replaced by 
nitrogen. 
Reconstitution of Phosphotec with sterile sodium 





pertechnetate-99™Tc results in an aqueous solution 
f Technetium 99m-Stannous Pyrophosphate Com- 
plex. 


INDICATIONS: Technetium 99m-Stannous Pyro- 
phosphate Complex is indicated for use as a bone 
maging agent to define areas of altered blood flow 
In osseous tissues 

CONTRAINDICATIONS: At present, there are 
no known contraindications to the use of 99™Tc- 
stannous pyrophosphate complex 

WARNINGS: The contents of the Phosphotec 
(Technetium 99m-Stannous Pyrophosphate Kit) vial 
are intended only for use in the preparation of 
IMTc-stannous pyrophosphate complex and are 
NOT to be directly injected into a patient 
prior to labeling. 

Phosphotec (Technetium 99m-Stannous Pyro- 
phosphate Kit) is not radioactive. However, after 
99MTc-sodium pertechnetate is added, adequate 
shielding of the resulting preparation must be main- 
tained. 

Radiopharmaceuticals should be used only by 
physicians who are qualified by specific training In 
the safe use and safe handling of radionuclides, 
produced by nuclear reactor of cyclotron, and 
whose experience and training have been approved 
by the appropriate federal or state agency autho- 
rized to license the use of radionuclides. 

This radiopharmaceutical should not be admin- 
istered to patients who are pregnant or during lac- 
tation unless the information to be gained out- 
weighs the possible potential risks from the radia- 
tion exposure involved. 

Ideally, examinations using radiopharmaceuti- 

cals, especially those elective in nature, of a 
woman of childbearing capability, should be per- 
formed during the first few (approximately 10) days 
following the onset of menses. 
PRECAUTIONS: It is essential that the user fol- 
low the directions carefully and adhere to strict 
aseptic procedures during preparation of the 
product 

As in the use of any other radioactive material, 
care should be taken to insure minimum radiation 
exposure to the patient consistent with proper 
patient management, and to insure minimum radia- 
tion exposure to occupational workers 

To minimize visualization of the bladder, the 
patient should be encouraged to void immediately 
prior to the examination; prior hydration of the 
patient may be useful 

Use the preparation within 12 hours after label- 
ing with 99MTc 
ADVERSE REACTIONS: At present, adverse 
reactions have not been reported following the 
administration of 99™Tc-stannous pyrophosphate 
complex. 

HOW SUPPLIED: Phosphotec (Technetium 99m- 
Stannous Pyrophosphate Kit) is supplied in a kit 
containing five vials. 


S UIBB :: Priceless Ingredient of every product 
is the honor and integrity of its maker.'™ 
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PHOSPHOTEC 


Technetium 99m-Stannous Pyrophosphate Kit 


20.5 


(ratio of Pyrophosphate 
to Stannous Tin) 
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SQUIBB QUALITY—THE PRICELESS INGREDIENT SQUIBB HOSPITAL pwsion wq ® 


Unlike many companies involved in nuclear medicine, Squibb is E.R. Squibb & Sons. Inc. 
also a broad line pharmaceutical house... and has been for over P.O. Box 4000 

a century. S@ when it comes to formulation and quality control Princeton °N J. 08540 
Procedures, we wrote the book. Consider that before you pur- 

chase any radiopharmaceutical. At Squibb. Quality is a way of life ©1975 ER Squibb & Sons, Inc. H605-505 
a S a way OT INE. 





Here’s the newest, most 
comprehensive guide ever 
published for ordering 
your radiology supplies. 





Picker’s new colorful thing from “Films and today. Or write: Picker 
Radiology Buyers Guide in- Chemicals” to ‘Equipment Corporation, 595 Miner 
cludes about everything you Accessories.’ More than a Road, Cleveland, OH 44143. 
require inthe way of supplies, catalog, this new Buyers The Picker Radiology 
materials and accessories for Guide is also a valuable Buyers Guide is another 
your procedural needs. The reference book to help you example of Picker synergy 
Radiology Buyers Guide compare quality and value. the complete interfacing of 
also has easy-to-use order Your Picker representative systems, supplies and 
forms...ordering instruc- will soon deliver your copy services for better diag- 
tions...telephone ordering of 1976 Radiology Buyers nostic visualization. 
information. Guide. But if you'd like to 

Its 300 pages have every- speed up delivery, call him 





Picker’synergy 


PICKER | 


ONE OF THE CIT. COMPANIES 
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Medical centers that know 
the leasing business 

lease their equipment 
from Trans Union. ! 


Just ask Doctors Center ~ 


“We chose leasing in order to conserve our 
cash flow. We chose Trans Union because 
we deal with them directly. There’s no 
middleman. They’re good people with a 
lot of experience.” So says W. A. McKee, 
vice president of Doctors Center Surgical 
Services Inc. in Houston, Texas. 


Trans Union can lease you the medical / 


equipment you need too. We stand be- / 
hind our leases regardless of economic 
trends. So funds are available on a 
regular basis. 

Since Trans Union has been in the leas- 
ing business for over 80 years, you can 
count on expert counseling and a custom- 
tailored lease. And whether you lease the 
latest piece of X-ray equipment or an en- 
tire laboratory, you will be leasing from 
people who are active in many phases of 
health care service. 

If you are interested in conserving your 
cash flow, or just uncertain about how to 
finance the new equipment you need, turn 
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Turn to Trans Union. 
For more information and 

a free booklet explaining how we can write 

a lease to meet your financial and equip- 

ment needs, write us on your letterhead. 


FMA 


Trans Union Medical Leasing 


An Affiliate of Trans Union Leasing Corporation 
111 West Jackson Boulevard, Chicago, Illinois 60604 


to the people 

who can make ; 7, l 
your expansion is 
plans possible. Ni ; 
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Hanley Space Saver X-Ray and Medical Record Cabinets 
are installed in most hospitals in America. 


Top quality and low price is the reason. 
5 compartment with doors—$199.50 
5 compartment less doors—$171.50 
Brochure F.O.B. Factory 


AMERICA'S LARGEST DISTRIBUTOR OF X-RAY CABINETS 


HANLEY MEDICAL EQUIPMENT CO. ° 
5614 South Grand X-Ray Division St. Louis, Mo. 63111 


In reply to advertisers please mention 


that you saw their advertisement in 


THE AMERICAN JOURNAL OF 


ROENTGENOLOGY, 
RADIUM THERAPY 


AND NUCLEAR MEDICINE 


CHARLES C THOMAS PUBLISHER 
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Bind Your 
Journal Issues 
Into Valuable 

Vigilant Volumes 


Pertinent information you sometimes desperately need is too often 
in the Journal issue you cannot find. Single copies have a way of 
getting lost, misplaced or destroyed. It is better for you to let us 
permanently bind each journal into semi-annual or annual volumes 
—then your reference source is always complete, organized and 
instantly at your service. We call them "Vigilant Volumes''; they 





so carefully store and provide on instant notice so much knowl- 


edge of timely value. 


The cost per "Vigilant Volume," by official commission from the 
journal publishers is but $5.95 per volume, permanently hard bound 
in washable buckram, gold embossed with period dates, journal 
name and special insignia—plus your name stamped in gold leaf. 
"Vigilant Volumes" are handsome library additions too, real con- 
versation pieces. These volumes are bound in the authorized colors. 


HOW TO ORDER 
Simply ship your journal issues to us via parcel post, together with 
your name, address, AND REMITTANCE, at $5.95 per volume. 
Within 45 days after receipt, bound volumes will be shipped to you. 
Price subject to change without notice. Please remit 50¢ per volume 
for return transportation and handling. 


PUBLISHER'S AUTHORIZED 
BINDERY SERVICE, Ltd. 


(Authorized Binders of All Journals) 
4440 W. Roosevelt Rd. 
Chicago, Illinois 60624 
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XERORADIOGRAPHY OF THE BREAST (3rd 


| Ptg.) by John N. Wolfe, Hutzel Hospital, Detroit, 
_ Michigan. Foreword by Wendell G. Scott. Writ- 


| 


| 








ten primarily for the radiologist but of interest to 
others working in the field of breast cancer, this 
text presents a significant and newer method for 
early detection of breast cancer in more detail 
and in greater contrast than can be obtained in 
x-ray film. The resukt of the author’s five years of 


| investigation and experience with xeroradiog- 


raphy, the book allows practical application of 
the information given to work with any type of 
mammography. °75, 194 pp. (8 1/2 x 11), 242 il. 
(92 in color), $23.50 


AIDS TO ETHICS AND PROFESSIONAL CON- 
DUCT FOR STUDENT RADIOLOGIC TECH- 
NOLOGISTS (2nd Ed., 4th Ptg.) by James 
Ohnysty, Saint Francis Hospital, Colorado 
Springs, Colorado. The complete study of this 
book is designed to challenge and motivate 
students entering the field of radiologic technol- 
ogy into accepting the responsibilities which this 
profession holds. It is an evaluation of the ideals. 
attitudes, objectives and levels of perfSrmance 
that are required. The author discusses the very 
basic and elementary problems that the student 
will be faced with daily in his studies and work. 
74, 176 pp., $7.50 


Handbook for RADIOLOGIC TECHNOLO- 
GISTS AND SPECIAL PROCEDURES NURSES 
IN RADIOLOGY by Nieta Whitman Powell. 
formerly at Oklahoma Health Sciences Center, 
Oklahoma City. Foreword by Bob G. Eaton? 
Guidelines for patient care, sterile technique and 
instrumentation are provided by the author of 
this book. The chapter on cardiac catheterization 
outlines right and left-hand catheterization, coro- 
nary angiography, the Rashkind procedure and 
snaring procedures. General radiologic proce- 
dures such as aortography, bronchography, cere- 
bral angiography, intrauterine blood transfusion 
and many others are described. The ABCD steps 
of cardiopulmonary resuscitation are given along 
with an emergency cart check list. An outline 
describes steps necessary for an electrically safe 
laboratory. ’74, 104 pp., 30 il., $8.75 


Prepaid orders sent postpaid, on approval 
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Cranio-caudal capability: 
on Philips Cardio Diagnost, 
its more than just 
another interesting view. 
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In certain case5tħe craniò-ċâåùdđab(or half- Plus all the features that have established the 


axial) projectióñ improves visualization of Cardio Diagnostas a preferred systeemiin 
cardiac anatomy. cihefluorographicangiograpħy--:>suchas: 


For examplėċthe-cranið-caudal view of the — Fixed focus-image intensifier distance. for 
leftmairntorònary-artēry ċlearly separates precise collimation: 
the- proximal divisional branches. In other = : : : 
; : — Ease of scanning—in any patient plane and 
SAAS RS ae tatiana arin to aoe the close to the chest wall. This permits'a narrow 
g ia fant Le 12 beam technique that reduces X-ray scatter to 
support or-substantiate evidence given by the operator and in the image. 


other Projections. a 
i TAK , ~The U-arm. It rotates tube and intensifier in 

That's.what the: Cardio Diagnost's new fixed relationship around the patient, leaving 

cranio-capability offers you: another valuable him comfortably stationary. 


diagnostic tool. 
— Superior image quality and information with 


the minimum amount of radiation. 


— A better, more comfortable working environ: 
ment for you because the entire examination 
can be performed from one fixed point. 





its an excellent 
diagnostic tool. 


And its easily added 
to every Cardio 


ow did we add cranio-caudal capability to 
1e Cardio Diagnost? We just modified our 
obile examination table to lock easily into a 
sew pivoting service base. Now the table can 
we angled left or right... effortlessly, of course!) 


*hilips: we never stop looking for a better way. 


»rite for additional information. 


HILIPS MEDICAL SYSTEMS, INC. 


O Bridgeport Avenue, Shelton, Conn. 06484 DH i Li > ® 
>|. (203) 929-7311 


® IMN V=Philips.of Holland 
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PortaCamera system 





Name the scintillation camera 
system that’s more compact 
than a mobile patient stretcher. 
and can be wheeled just as 
easily into the CCU, ICU, even 
the O.R., making 99mTc 
Studies possible with patients 
who can’t be moved. 

A system that weighs under 
1,000 pounds...less than half 
the weight of others. And 
costs far less, too. 


Only one system fits that 
description: the PortaCamera™ 
system, by General Electric. 
Camera and integrated 


-electronics console can serve 


as a comprehensive nuclear 
department on wheels for the 
hospital just getting into nuclear 
medicine. And as a versatile. 








high-performance back-up 
system to relieve patient loads 
in established nuclear 
institutions. 


PortaCamera system has no 
rival for ease of use. Counter- 
balanced detector permits 
precise positioning with supine 
or seated patients. No motors. 


not only gets around | 
your hospital...it gets 
around space & budget — 
limitations, too. 





e 
No restrictive detector yoke. 
No awkward pedestal. Two- 
step operating procedure is 
quickly mastered by your ° 
technician, to speed patient 
through-put. 


The PortaCamera system is ° 
another example of General 
Electric's expanding nuclear 
Capability. Backed by GE's 
recognized service organization. 
And available under attractive 
lease plans which don't require 
a Capital investment. Look for 
the commitment behind the 
equipment. See your GE 
representative. 


General Electric 
Medical Systems 
Milwaukee, Toronto, 
Madrid 


GENERAL QA ELECTRIC 











A superb neuroradiolegical unit. Patients 





— involved in these types of examinations are 


the most difficult to handle. The unique 
design of NEUROCENT IX affords the Capability 
of performing all routine skull examinations 
As well as all soecial Nneuroradiological 
procedures. In an easier, more efficient manner, 
with total patient comfort and safety. 
Isocentric centering on the area ofi nvestigation, 
regardless of patient position or angulation. 
Increased image quality with the MINIMAX . 
“see-through” film changer...roll film in, ; 
cut film out, Bi-plane option. Variable SID for 
magnification techniques, Integrated 
chair and table top... sasily interchanged. 
And Tomography. 
Your salesman has all the details. 


Our system 
includes you. 






CGR MEDICAL CORPORATION 


CGR CANADA LTEE-LTD. 
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"The Daylight System’. ` 
helped reduce f 
fluoroscopic exam time - 

. to 5 minutes per patient 


at Methodist Hospital 


of Indianapolis 


® Gordon Ritchie (right), 
Du Pont Technical 
Representative, 
pictured withthe °> 
Administrative Directom 
of Radioloay at 
Methodist ospital. 





Like many other hospitals, Methadist Hospital 
of Indianapolis, Inc., was experiencing a patient 
backlog in fluoroscopy exams. Times were in the 
20-30 minute range. 

Now, a complete study takes as little as 
5 minutes. 

That's because both the Director and 
Administrative Director of Radiglogy worked with 
Du Pont’s Technical Representative, Gordon Ritchie, 
to develop a unique combination of two remote 
control fluoroscopy units plus the Du Pont Daylight 
System. This combination cut the average fluoro 
exam time by 75%, without compromising the quality 
of the examination. 

The Daylight System permits all film handling, 
from loading cassettes through final viewing, to be 
done quickly and conveniently in room light close 
to the patient. The time saved using the new system 
has allowed Methodist Hospital to use the remote 
fluoroscopy facilities for additional radiologic studies. 

To find out how the Du Pont Daylight System 
Biss _ can save time for you, contact your nearest Tech- 
Ta $e? ee | nical Representative, or write to Du Pont Company, .. 

. Room 24711, Wilmington, DE 19898. 
a ! | It's all part of Du Pont’s commitment: personal 
a a bi involvement and quality in everything we do and sejl. 
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` Strategically located facili ies 
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Dedicated customer service has long been a Siemens 
commitment. One especially strong in the United aa | 
States. In addition to expanding operations in the LW Tt 
areas of electronics, telecommunications, testing, ee. 
- and radiation therapy, we recently broadened 
our medical capabilities by constructing a new 
X-ray equipment manufacturing facility near 
Hartford, Connecticut. 


For over 127 years Siemens has maintained 
„ continual leadership in most every phase 
of electronics and electrical engineering. 
Medical and industrial X-ray systems. 
Respiratory and patient monitoring 
devices. Radiation therapy equipment. 
Operating room systems. Speech 
and hearing in$trumentation. Industrial 
controls. Central Office and PABX 
telephone systems. Telex. Microwave test 
and transmission equipment. 
And electronic components. 


Siemens employs over 3,000 people in 
some 34 branch offices, 31 service 
centers and 6 warehouses from coast to 
coast. All strategically located in key 
markets to better serve our customers. 


To learn more about Siemens and the 
quality products that have helped 
establish our reputation in electronics 
-and electrical engineering, write for 
our new comprehensive.brochure: 

L Siemens in the United States. i a 


+ Siemens Corporation 
» 186 Wood Avenue South, !selin, N.J. 08830 
(201) 49491000 a 


|» ~ 
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1 UNITED STATES CORPORATE HEADQUARTERS 
ISELIN, NEW JERSEY 
Customer service, product assembly and warehousing 
° 
2) ELECTRONIC SYSTEMŞ PLANT 
CHERRY HILL, NEW JERSEY 
Test and communication equipment 
E 
3, COMPỌNENTS PLANT 
SCOTTSDALE, ARIZONA 


"7 Canicondinies ay k ' 
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4 NEW YORK CITY OFFICES 


MEDICAL SYSTEMS PLANT 
CHESHIRE, CONNECTICUT 
, X-ray and electromedical equipment 


GENERAL MOTORS BUILDING, NEW YORK 


Financial and planning center 
e 


RESEARCH AND DEVELOPMENT LABORATORY ‘ $ 
MESA, ARIZONA = 
Semiconductors and other electronic components 


TELECOMMUNICATIONS ENGINEERING DIVISION z ` 
CHERRY HILL, NEW JERSEY è 
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Hysterosalpingogram with Salpix Contrast Medium. 24-hour postinjection x-ray of same patient. 


now you see it now you don't 


With Salpix as your contrast medium, your gynecologic pa- CONTRAST vf 
' tient needn't undergo the 24-hour postinjection x-ray usually 
required with iodized oils. Water-soluble Salpix leaves virtu- 
ally no irritating radiopaque residue to produce foreign-body 
reactions, yet it provides the viscosity needed for adequate «ach cc contas: 
visualization. sodium acetrizoate 0.53 g anc 


Contraindicaticzs: Contraindications to hysterosalpingography include the polwvinylpyrrolidone 0.23 g 


presence of severe vaginal or cervical infections, existing or recent pelvic 
I tiern Marked cervical erosion or endocervicitis, and pregnancy. The pro- 
cedure is contraindicated during the immesiate pre- or post-menstrual phase. 
Sensitivity Test: If indicated in the patient's history, an intracutaneous skin test 
or sublingual absorption observation may be done with Gel cc Salpix. 

Warning: Not for intravenous ate © ORTHO PHARMACEUTICAL CORPORATION 1970 


¥ ORTHO PHARMACEUTICAL CORPORATION * RARITAN, NEW JERSEY Freon. i 
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